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. LTD 110RB/110B WardLeonard Electric ¢ 


ping Shovels and 54RB Diesel Shovel 
& Dragline. 

RA PROJECT 120RB, 54RB/54B, 38B etc., 

~ Excavation WardLeonard Electric and Diesel 


Shovels, Draglines and Cranes. 





STRIP MINING 120B, 100B, 110RB, 54RB, 55B, 44B 
2ORATION etc WardLeonard Electric 
oping and Diesel Shovels, Draglines, 


Cranes etc and 29T Electric 
Churn Drills. 
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eee) §=6ASSOCIATED CEMENT 54RB, 38RB, 10RB, etc WardLeonard, 
~ "COMPANY LTD... Singie Motor Electric and 
Stone Quarrying * 
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1,050 Miles of Cable for Rourkela 


We afe supplying for the Rourkela Steelworks a total of 1,050 miles of high and low-voltage cables: 


Oil-filled cables for 33 kV 
Varnished cambric cables for 6.6 kV and 
PROTODUR cables for voltages up to 1kV 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAPFT 
BERLIN-ERLANGEN 


SOLE REPRESENTATIVES 


SIEMENS ENGINEERING & MANUFACTURING CO. 
OF INDIA PRIVATE LTD. 


BOMBAY CALCUTTA NEW DELHI MADRAS BANGALORE 
G.P.O. Box No. 490 G.P.O. Box No. 715 


P.O. Box 543 36, Mount Road 9, St. Mark’s Road 
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National Projects promise New India of pro- 
sperity. Throbbing with energy, famous 
KIRLOSKAR DIESEL ENGINES power these 
‘projects, speeding construction of dam and 
powerhouse, road and bridge .....With scores 
of applications in agriculture and industry, 
easy to maintain, reliable in service, economical 
to operate, Kirloskar Engines are the power 
units for resurgent India. 


AGRICULTURAL 
INDUSTRIAL and MARINE 


DIESEL ENGINES 
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Why it really costs less 
I to get the best 


\ 


NO need to stock great quantities of replacement bearings. 





Timken tapered roller bearings are made to maintain that 


\ 





WS 


precision for the life of your machine. And they do it with a 


minimum of maintenance to keep your costs down. 
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CREDI AC PRaeacel 


EXTRA load-carrying capacity 





is another advantage of Timken bear- 

ings. Full-line contact between Tim- y 

ken bearing rollers and races is the y 

reason. They’re tapered to take the Y 

loads from all directions, eliminate 

thrust devices. They cut lubricant j 

costs, too, by making closures more y < 
effective. YOM WMA 









you buy Timken bearings. Our engineers will be happy to 





ae MORE engineering service is yours for the asking when 
y work with you in designing new bearing applications, help 


y you get the 





most for your bearing expenditure. 


SOON" ®l°hp" 


wy 


THE LONG RUN You pay less 
for Timken tapered roller bearings because 
you get a precision product that will last. 
Buy Timken and be sure of trouble-free 
operation. The Timken Roller Bearing 
Company, Canton, Ohio, U.S. A. Cable: 
““TIMROSCO” 





Industry rolls on 


TIMKE 


REGISTERED TRADE-MARK | 


® 





tapered roller bearings 


Authorised industrial and railway distributor: 


Voltas Limited ~. Bombay + Calcutta « Madras + New Delhi « Bangalore « Cochin. 
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SWITCH ON TO THE COMFORTS OF ELECTRICITY. 


KIRLOSKAR ELECTRIC COMPANY, in 
technical collaboration with Brush Electrical 
Engineering Co. have now taken up the 
manufacture of ALTERNATORS-a new 


addition to the already familiar range of 
KIRLOSKAR products. 


These Alternators when coupled to 
KIRLOSKAR Diesel Engines are called 
GENLITE SETS, which can bring light and 
power to your home, farm, plantation or 
small workshop. Therefore, with KIRLOSKAR 


Alternators, you cap now enjoy the comforts 
of electricity. 








MANUFACTURED BY: 


KIRLOSKAR § 


ELECTRIC CO. LTD. 
GANGALORE.} 


q Selling Agents : 





P. ©. Box No. 12, Madras-! 









WANS Ws 







P. O. Box No. 172, New Delhi 








P.O. Box No. 506, Bombay | 
P.O. Box No. 208, Caicutta-! 
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emphasis 
on quality 





L-67, L-57, L-47, L-40H 
- excavators designed for 


tough digging. , | ¢ 

They may be equipped with . gett * 

easily exchangeable attachments L-47 

for all kinds of digging and Speedy allround light-weight 


loading and with special c ’ excavator of the most modern 
attachments for crane work, 
pile driving, etc. 


design (5/8 cw.yd.) 





L-67 L-57 % L-40H 
Universal air controlled excavator, specially well suited Allround excavator with 3/4 cu.yd. shovel - the ma- Potented machine of half-track type - the greyhound 
for rock-loading In small tunnel areas (1 1/4 cu.yd.) chine for road building among crawler excavators and cranes (9/16 cv.yd.) 


Sole Agents : 
ASSOCIATED CORPN. OF INDUSTRIES (iNDI\) PVT. LTD. 
Commerce House, Currimbhoy Road, 


P.O. Box 46A, 
BOMBAY. 


AXIIEBOLAGET LANDSVERK - LANDSKRONA- SWEDEN 





Telephone : 263661 Telegrams : ACOIND 





INDIAN 


ROHTAS INDUSTRIES LTO 


Daimianagar, Biba 





JAIPUR UDYOG 
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TECHNICAL ADVICE 
on all problems in the use of 
cement in construction. 





Consult 


SAHU 
CEMENT SERVICE 


5, Parliament Street, I8A, Brabourne Road, 
New Dethi Calcutta. 
also at 
Lucknow, Chandigarh, Jaipur, 
Bhopal & Patna 


SAHU 
CEMENT 


Organisers 
ASHOKA MARKETING LTD. 
Calcutta, New Delhi, Lucknow, 
Chandigarh, Jaipur, Bhopal & Patna 
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COMPLETE EQUIPMENT | ; 
FOR WATER POWER PLANTS ae 

















4 
4 
4 
Turbines of the Kaplan, Francis and Pelton type for 3 = 
various heads and outputs, transformers, generators, re 
outdoor and indoor switchgears, control-rooms, etc. a 
‘ 
The world known SKODA and CKD Trade marks i 
guarantee the first class technical -design and “ 
quality of equipment supplied by us. We give ae 
integral guarantees for complete deliveries. 4 
ig 
i 
Local Enquiries to: : 
SKODA (INDIA) PRIVATE LTD. 4 
Vulcan Insurance Building, Vir Nariman Road, Bombay-! 3 
Vohra H Ist Floor) : Arurehand ° ie: 
* a House”, (ist Floor), ‘ Be 
eae eee ae 
Delivered by ise 


FOREIGN TRADE CORPORATION FOR EXPORT 
OF COMPLETE INDUSTRIAL PLANTS 


56, Vaclavske namesti, Praha I] 
CZECHOSLOVAKIA 
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ENFIELD CABLES 





Paper Insulated Cables + Rubber 
Insulated Cables and Flexibles. 
Signalling and Lb yw Cables. 
Mining Cables - High Conductivity 
Electrolytic Soft Copper Wires and 
Strips - Overhead Line Equipment. 
Joint Boxes and Jointing Material, 
Feeder Pillars - Grid Suspeusion 
Wiring System and Special Cables to 
Government Specifications. 





ENFIELD CABLES LTD., LONDON 


Agents in India: 


PHILIPS 


INDIA LIMITED 


- Bombay . Delhi . Madras 


. Kanpur . Lucknow . Bangalore 










At last Concrete Shuttering } 
which is economical will : 

outlast ordinary wood 
and is waterproof. 





ITAWOO 







THE IDEAL CONCRETE SHUTTERING MATERIAL 
MANUFACTURED IN INDIA ONLY BY 





PLYWOOD PRODUCTS SITAPUR, 












‘Me 





FIELD AND STILL LEADING 
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Atlas Copco 
Wagon Drills 
. for precision 
benching 






UTO.32 








Modern benching technique makes it possible 
today to blast with precision using a minimum 
of explosives. This calls for precision drilling, 
for which the right equipment 1s Atlas Copco 
one-man BVB 21 wagon drills. They can drill at 
any angle—vertical or very low horizontal. 
Front wheels can pivot 90° for working close 
to the bench or moving the drill sideways 
across the face. Powerful brakes and footings 
for uneven ground assure correct angles. 


100% LARGER FLUSHING HOLES 

The Sandvik Coromant 1}” extension steels 
used with the BVB 21 are made of cold rollec 
steel, permitting a 100% larger flushing hole. 
This means approximately 100% better 
flushing. Extra flushing is possible, when dry 
drilling, through the water flushing hole. 


DRILLS TO 75 FEET FOR BLASTING... 
ANY DEPTH FOR GROUTING 

The chain feed of the 4” piston BBC 43 RBL 
rock drill is uniformly and forcefully driven 
by an air motor. Holes are bored out in 
diameters from 13” to3}” to a blasting 
depth of 75’. For exploration drilling it will 
go to any practical depth. 

A cage holds drill steels upright and within 
easy reach. Exhaust noise is muffled with a 
silencer or, more often, led off by a 16’ rubbs 
tube—an Atlas Copco exclusive. For smaller 
operations, the Atlas Copco range includes 
smaller models such as the BVB 13. 





$ 
o 
Enquiries to: 


VULCAN TRADING CO. 
PRIVATE LTD. 


19, British Indian Street, Calcutta. 


Other Offices at: 
Bombay Madras New Delhi 
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Fabrication and Erection 





of complete 


Pipework 


installations & 
for Steam, Gas, 
ee Compressed Air, 


industrial uses 
Light Structures of 
Tubular cn J Fuel oil etc. 
Water Véell Casing 


STEWARTS AND LLOYDS OF INDIA PRIVATE LIMITED 


HEAD OFFICE : 41, CHOWRINGHEE ROAD. P.O. BOX 270, CALCUTTA 
TELEPHONE : 44-5224 (7 lines) & 44-1461 . : 

WORAS : 39, HIDE ROAD, KIDDERPORE, CALCUTTA : 
TELEPHONE : 45-3515 (3 line ceed pipework at the boiler feed puinps at Trombay Thermal Power Station 




































MOTOR GRADERS 
BY 
AVELING BARFORD LTD. 


AVELING BARFORD LTD. MANUFACTURE ONE 
OF THE MOST COMPREHENSIVE RANGES 


OF 
ROAD GRADERS 
AVAILABLE 


WHICH COMPRISES THE FOLLOWING TYPES 
‘RM ROAD MAINTENANCE GRADER 
“LG "—72 B.H.P. TANDEM DRIVE GRADER 
“MG "—100 B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 
“MG "—100 B.H.P. SIX WHEEL DRIVE & SIX WHEEL STEER 
“99H "—IIS B.H.P. FOUR WHEEL DRIVE & FOUR WHEEL STEER 


We shall be pleased to send you details on request 


Manufacturers : Agents : 


AVELING BARFORD LTD. JESSOP & CO. LTD., 
GRANTHAM, ENGLAND. 63, NETAJI SUBHAS ROAD, CALCUTTA-I. 
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Mahatma Gandhi H.E. Project at Jog Falls 


BUILDING INDIA’S FUTURE 


The complete Penstock including Expansion Joints, Multiple Bends etc. required 

for both the stages of the famous Mahatma Gandhi H.E. Project at Jog Falls in a 
Mysore State, were fabricated and supplied by the Indian Hume Pipe Co. Ltd., 

as far back as 1948, from their field workshop at Jog Falls. 


The Company has now put up another most up-to-date factory at Hadapsar 
which can manufacture Penstocks of any size with mild steel or high tensile 
steel up to a wall thickness of 2 inches and has a fabrication capacity of over 
10,000 tons per year, which will meet the entire requirements of Penstocks all 
over the country under the Second and Third Five Year Plans. At present the 
factory is fabricating huge underground Penstocks for the Koyna Project which 
are 10’ and 17’ in diameter. 


THE INDIAN HUME PIPE CO LTD 


A WALCHAND GROUP INDUSTRY CONSTRUCTION HOUSE BALLARD ESTATE BOMBAY 1 


’ 


¥ 


shilpi-862 
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there’s 
more 
strength 
and 
flexibility 
in 
DUNLOP 
Rayoncord 
Te 


most important requirements that must be satisfied by belts used on 
all drives. The high tensile strength rayon used in cable cord and 
multicord constructions gives Dunlop Vee Belts unrivalled flexibility 
and resistance to rough usage, sudden shocks and pulsating loads. 






Technical literature will be sent to yirms and dealers on request. Please write to = 


Industrial Rubber Poducts Division, 
The Dunlop Rubber Co. (India) Ltd., 
57B Free School St., Calcutta-16 





DRAC-49A 
ee a ae ae ec 





INDIAN JOURNAL OF POWER AND RIVER VALLEY. DEVELOPMENT—-oCT. 1959 


Here's haw Polyethylene 


Si ited, | 
CARBIDE 


Polyethylene 


National Carbon Company (India) Limited will soon manufacture 


Polyethylene at Trombay Island, Bombay. 


INDUSTRIAL PRODUCTS DIVISION 
NATIONAL CARBON COMPANY (INDIA) LTD. 


e CALCUTTA 7 DELHI . MADRA 


N CARBIDE is o registered trade mark of Union Carbide Corporation, USA 
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HANDLE ANY 
MATERIAL— 
ANYWHERE 


In addition to their 
famous line of excavators 
and cranes, Priestman 











supply complete grab 
hopper dredgers to the 

World’s Poris and 
Harbours. They manufacture 
also more than 101 different types 
of grab buckets. 


ee 8 I Priestman grabs are available 
to handle all types of material 


from ore, manganese, 
bauxite and coal to earth, 
mud and silver sand. 


If you need information or service 





: on excavators, cranes, dredgers 
or grabs on land or sea, ask your 
nearest Priestman dealer. 
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LIMITED LIMITED INDIA) PRIVATE LIMITED 
Post Box 323, Calcutta Post Box 278, Bombay Post Bag 289, New Delhi 
Post Box 66, Lucknow Post Box 5247, Madras New Colony, Jaipur 
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Capital Co-efficients 


for some Power Schemes in India 





Capital co-efficients or unit costs are the invest- 
ments required for the production, transport and dis- 
tribution of a unit of physical product. In Power 
Projects, the unit of production may be considered in 
terms of ‘Power’ (i. e. kilowatts) or in terms of 
“energy” (i. e. kilowatt hours). Capital co-efficients 
being useful in computing the probable outlay required 
for any specified scale of development in the near future, 
the former is of greater significance. In this paper, it 
‘proposed to analyse the unit costs for generation, 
transmission and distribution of electricity in this 
country. 


Generation 

Conventional methods of power generation are 
hydro, thermal and diesel and the unit costs differ 
depending upon the method of generation adopted. 
The capital co-efficients for generation per kW for 
some of the major power projects executed during the 
First and Second Five Year Plans in India are tabula- 
ted in the Annexure I. The figures should, however, 
be studied in the light of observations in the following 
paragraphs. 


At the outset, it has to be noted, that the selection 
of comparable unit cost for each project is rendered 
somewhat difficult because of several factors. The 
costs are necessarily based on the manufacturers’ 
rating for the machinery under certain optimum 
conditions of operation and the actual conditions 
obtaining at the site may be different. The rating of 
the equipment will also depend on the country of 
origin, as the national specifications in different coun- 
tries are not identical. Thus a transformer rated in 
accordance with the American Standards Association 
can carry about 7 to 14 per cent more load than the 
one rated in accordance with British Standards. 


The capital outlays assumed in most cases do not 
include interest on capital during construction and 
may also be exclusive of the expenditure during the 
planning stage. Also the figures in this paper are based 
on project estimates and in some cases the actual 
expenditure may turn out to be different. 


Another factor which vitiates the accuracy of the 
figures for unit costs in multipurpose projects is the 
allocation of outlay on common works to the various 
benefits such as irrigation, power generation, flood 
control, navigation, etc. There is no universally accept- 
able method of doing this and hence the capital charges 
for power generation in such cases seem to be fixed 
somewhat arbitrarily. For example, Rs. 45.5 crores 
spent on the dam and appurtenant works in Stage I of 
Hirakud Dam Project is apportioned to Sambalpur 
irrigation, power and delta irrigation in the ratio of 
1:14:14. In the case of Bhakra Dam, however, out of a 
total outlay of Rs. 53.4 crores on dam and appurten- 


By M. K. GOPALIENGAR 


ant works, Rs. 16 crores is transferred to power 
generation. In the Damodar Valley Project, the bulk 
of the expenditure on the Maithon and Panchet Hill 
Dams is charged off to flood control. 


In some of the reservoir projects, the power output 
of the turbine at minimum head (i. e. when the storage - 
of Water is at the lowest level) may be different from 
that at the maximum head with the reservoir full. 
The turbines at the Bhakra Dam can only produce 
53 MW at the minimum head, while they can generate 
90 MW at the maximum head. The unit costs differ 
depending upon the base values adopted. 


In some projects extra expenditure may be incurred 
in civil works to cater for the ultimate stage, although 
the installation of the power house machinery may be 
phased and carried out over a period of many years. 
For example, the major portion of the civil works in 
Koyna and Sharavathi Projects would have been 
completed in the first stage and additional power 
could be generated in later stages with but small addi- 
tional investments. In such cases, the unit costs would 
show a progressive decrease for the subsequent deve- 
lopments. . 


In the case of hydro-electric projects involving 
considerable outlay on storage, the annual total energy 
content in the stored water has an important bearing 
in assesssing the unit costs. Taking Hirakud as an 
example, it is reported that the energy that can be 
generated at the main and subsidiary power house 
from the storage over a period of an averag> year is 
1051.2 x 10° (=8760 x 127,000) kWhrs i.e. 127 
MW at 100% L.F. The installed capacity of the 
two stations is however proposed to be 232.5 
MW. The advantage in such an installation is that, a 
higher maximum demand can be met if it is for a.short 
duration of the day or year as would be the case in 
actual practice. In some of these installations, extra 
energy can be generated in certain months inthe year 
depending upon the additional run-off during the 
monsoon season or because of the need to meet the 
full requirements of irrigation. For example, for 
Periyar, although the generation capacity at 100% 
load factor is seen to be 25 MW. corresponding to a 
generation of 21910° kWhrs the actual annual 
output of the station on an average, is stated to be 
636 x 10° kW hrs. because of the extra flow avail- 
able during the irrigation months. Similarly, larger 
generation of kWhrs. is possible in Hirakud than is 
indicated by the figure of 127 MW at 100%, load 
factor. Thus, the 100°, L. F. capacity means the 
power and energy available continuously throughout 
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the day and the year. While the cost per kW of 
installed capacity is helpful in the assessment of 
investment costs, the cost per kW at 100% L. F. 
and revenues available by additional seasonal genera- 
tion are two of the many factors which should be taken 
into account in comparing the relative economics 
between any two hydro projects. 

From the annexure, it is seen that the costs per kW 
of installed capacity have varied as below, in round 
figures. At re same time, an attempt has been made 
to indicate a representative unit cost for each type of 
project for purposes of estimation : 








Cost perkW of  Representa- 
installed capa- tive cost 

city per kW (of 
installed 
capacity) 
Hydro schemes Rs. 500—1700 ~—— Rs. 1100 
Steam Power Stations Rs. 800—1000 Rs. 900 
Diesel Power Stations Rs. 570—1200 Rs. 800 





In Annexure III are given the capital costs per kW of 
installed capacity in 1956 for some installations in the 
European countries (Vide OEEC Publication ‘The 
Electricity Supply Industry in Europe 1957-1975 
Table 12. The values are converted to Indian 
rupees at the prevailing rates of exchange). 

As compared to hydro-electric power generation, 
steam and diesel power stations are at a disadvantage 
from the overall point of view in that, in addition to 
interest on capital outlay, depreciation and establish- 
ment charges, they are loaded with further working 
expenses due to the cost of fuel required to generate 
each kilowatt-hour. Thus the coal cost, based on a 
consumption of say 1.5 lbs. of coal per kWhr. and a 
rate of Rs. 20/- per ton of coal works out to Rs. 0.013 
per unit. Similarly, the fuel charge for a diesel plant 
assuming oil consumption of 0.6 Ibs. per kWhr. and 
market rate of Rs. 200/- perton, amounts to Re. 0.054 
per unit, a four-fold increase over the fuel costs in 
steam plants. This is the reason why despite the 
higher initial outlay, power from hydro-electric sche- 
mes is more economical than from steam or diesel 
stations. 

The financial data on the public electricity supply 
undertakings extracted in Table I below, reveal that 
there is an unmistakable trend of rising investment 
costs, the cost per kW of generation having increased 
by 37°, within ia a brief period of 4 years, 1951-55: 

Table I 


While upto 1951, the capital outlay per kW of 
installed capacity for generation was only about 
Rs. 430, the cost for the net additions over the period 
1951 to 1955 works out as much as Rs. 928 per kW i.e. 
more than 100%, increase over the unit cost of earlier 
installations. 


In the United States, the cost of electrical machinery 
alone is stated to have increased by more than 100 per 
cent since the last war. From 1947-49 to-date, it has 
risen 25 per cent and is reported to have remained 
relatively stable since 1952 (vide P. 114, United Nations 
Publication “Energy Developmentin Latin America”). 
The British Electricity Authority, however, state that 
new plant and equipment is now costing three times as 
great as before the war. (vide “Power & Prosperity” 
British Electricity Authority). In the case of steam 
plants, however, the increase in the relative barden of 
interest and depreciation charges consequent upon 
increased capital outlay on equipments has been 
offset partially by the higher thermal efficiency of new 
generating plant. The over-all thermal efficiency of 
the British power stations has increased from 20.87 
per cent in 1948 to 22.72 per cent in 1953 and is 
expected to be 26% by 1960. A similar upward trend 
in the overall thermal efficiency of steam power sta- 
tions in India is noticeable as is revealed by the follow- 
ing figures:— 


Table II 


OVERALL THERMAL EFFICIENCIES OF STEAM POWER 
Stations In IypIA 





Year 1950 1951 1952 


1953 1954 1955 1956 


Efficiency in 14.5 16.3 . 17.0 


percentage 


17.0 17.1 17.6 18,1 








Unit 
(i) Installed 
capacity kW 1,835,426 2,061,755 2,305,190 2,493,996 2,694,817 
(ii) Average 
capital out- 
lay per kW 
installed : 
(a) Generation 


1951 1952 1953 1954 1955 








Rs. 430 460 436 518 589 
(b) Transmis- 
sion, distri- 
bution ete. 
Rs. 471 461 460 540 603 
Rs. “901” 921 896 1058 1192 
Note: 


Table LXI fram Public Electricity Supply All India Statistics, 
1956—General Review 


In so far as the thermal plants are concerned, there 
has been a steady technical improvement in their 
design during the last few decades. A scrutiny of the 
published data on overall thermal efficiency of steam 
plants in the electricity supply industry in India 
during 1956, shows that the machines of capacity 
rated 25,000 kW and below have an average efficiency 
of 14.0% and below. Eight stations having unit 
ranging from 25001 to 50,000 kW were working at 
an average thermal efficiency of 18.3% while eight 
other stations having larger generating units showed 
an average thermal efficiency of 21.6°%, the highest 
thermal efficiency registered in 1956 being 28%. 
Generally speaking, larger the unit size the greater 
is the efficiency that can be secured. For example, a 
60 MW unit operating at 900 P. 8. I and 900°F. has 
an overall efficiency of 28%, the maximum efficiency 
that can be achieved under optimum conditions with 
this size being 30.5%. On the other hand, a 100-120 
MW unit working at 1500 p.s. i. and 1100°F with 
reheat cycle and other improvements can result in a 
thermal efficiency of 30°, average, the maximum 


attainable under optimum conditions of working 
being 33°. The savings in coal consumption which 
can be effected by installing larger plants is an import- 
ant factor to be borne in mind in planning for future 
power development in India. 
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Transmission and Transformation 

In large hydro-electric projects, not only generation 
but also transmission of the power produced to major 
consuming centres is a matter of prime importance 
and involves sizeable outlay. The provision in initial 
stages for “Transmission and Transformation” in 
some of the major hydro-projects is given below in 
Table III : 


Annexure IT contains the cost estimates for various 
E. H. T. transmission lines prepared recently by some 
project authorities. The cost for the transmission lines 
can be classified broadly under four main heads. The 
percentage component under each head is as below: — 


Table IV 








Table OI 
Installed Capital outlay Outlay on Trans- 
capacity on Transmis- mission & Tra- 
Name in MW  siond& Transfor- nsformation per 
mation kW (in rupees) 


(Rs. in lakhs) 








1 2 3 4 5 

1. Hirakud 232.5 740 318 
2. Koyna 240.0 779 325 
3. Sharavati 178.0 577 329 
4. Rihand 250.0 959 380 


5. D. V.C. (including 
thermal and 


hydro) 479.0 1807 377 
6. Kundah Project 180.0 810 450 
7. Bhakra-Nangal 514.0 2147 417 





There are some exceptional projects such as Chambal 
Stage I, where the cost per kW on “Transmission and 
Transformation” is as high as Rs. 1193/-. While the 
provision for “Transmission & Transformation’’ in 
the case of most hydro-electric projects is in the region 
of Rs. 320 to 450 per kW of installed capacity, the 
extra high tension transmission networks associated 
with many of the existing thermal stations are not 
very extensive. This is because, the latter have hither- 
to been located in load centres such as Calcutta, Kanpur 
and Ahmedabad and coal transported to these places. 
What with the increasing appreciation of the import- 
ance of improved thermal efficiency by installing large 
size turbo-alternator sets in central generating stations, 
and what with the economies that could be effected 
by siting such stations at pit-heads, there is a noticeable 
trend in planning for large thermal stations with con- 
siderable outlay on associated transmission lines and 
thus cater to the needs of dispersed load centres. In 
the Birsinghpur scheme, the proposed provision for 
transmission is of the order of Rs. 760 per kW installed 
capacity and for the Barauni Scheme in North Bihar, 
about Rs. 602 per kW. 


But such schemes are not likely to be of such a 
proportion as to increase the overall unit costs appreci- 
ably. A representative figure of Rs. 380 per kW could, 
therefore, be assigned for transmission and transfor- 
mation in the third Plan estimates. For purposes of 
computing preliminary investment costs, the propor- 
tion of outlay between transmission lines and transfor- 
mation (sub-stations and receiving stations) may be 
taken as 60 : 40. 


Percentage of Proposed re- 
total trans- _—_presentative 
mission line percentage 





cost value 
Towers 20 to 30 25 
Insulators & accessories 5 to 9 10 
Conductors 35 to 50 40 
Miscellaneous including 
distribtion of materials 
and erection 12 to 40 25 





Thus in a transmission line, the steel supports account 
for a fourth of the outlay, the conductors and insula- 
tors for nearly half, the balance being spent on all the 
other miscellaneous items of work like transport of 
material, labour, jungle clearing enroute, etc. 


Distribution 

It is difficult to work out precisely the unit costs 
for distribution because the distribution works will keep 
on expanding long after the generating stations are 
commissioned. However, the figures in Table I 
indicate that the combined expenditure on ‘“Trans- 
mission & Distribution” has risen in this country 
from Rs. 471 per kW of installed capacity in 1951 to 
Rs. 603 in 1955 i.e. a rise of 28° in the unit cost in 
four years. The cost of transmission and distribution 
works carried out during this period of 4 years (i.e. 
from 1951 to 1955) is Rs. 885 kW of additional 
installed capacity. The latter figure ignores the ex- 
tensions directly attributable to the generating capa- 
city existing prior to 1951. Inthe light of the data 
on transmission costs Table III, the outlay on distri- 
bution works is reckoned to be of the order of Rs. 450 
to 550 per kW. 


The latest consolidated accounts for public electri- 
city supply undertakings published by the Central 
Water & Power Commission furnish the following 
figures : 


Table V 
(Rs. in lakhs) 





1953 1954 1955 


Generation Assets 10051 12928 15862 
Transmission Assets 1827 2517 3191 


Distribution Assets 7602 9574 11416 
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Tt would be somewhat difficult to work out with any 
degree of certainty, the actual outlay on distribution 
works for each kW of generating capacity. This would 
depend upon the area and type of consumers served. 
Even as early as 1950, the Madras Electricity Depart- 
ment had estimated the outlay on rural distribution 
works at about Rs. 400 per kW. For purposes of 
planning and preliminary estimation, a cost figure of 
Rs. 500 per kW may now be taken as a reasonable 
working basis for “‘Distribution” in the Third Plan. 


In planning for power development in India, a 
study of the foreign exchange component of the outlay 
has now become a matter of paramount importance. 
This is particularly so because power is likely to de- 
and a larger share of the foreign exchange resources in 
the Third Plan than in the Second. At present most 
of our requirements of heavy electrical plant are 
imported from abroad. The heavy electrical plant 
manufacturing factory that is currently being set up at 
Bhopal was originally scheduled to have a programme 
of production as set out in Table VI. 


Table VI 


PROGRAMME OF PRopvuctTION IN THE H. E, P. Factory, 





the Third Plan. Steam turbines and boilcrs are not 
proposed to be manufactured in this factory at any 
stage. It is imperative that some urgent measures 
should be initiated immediately to aboid our wholesale 
dependence on foreign imports in the fourth and 
subsequent Plan periods for heavy electrical equip- 
ment. 


While assessing the foreign exchange component of 
the capital formation required for the electricity supply 
industry, one must remember that the costs of electri- 
cal equipment depend on numerous complex factors 
such as the international, political and market situa- 
tion, the country of origin, type of equipment, speed of 
rotating machinery, size, voltage, etc. A study was 
made on the cost of the various equipments that have 
recently been ordered from abroad for the different 
projects under implementation. On the basis of this 
study a broad range of figures per kW is available from 
which representative values may be assigned for each 
type of equipment as given below in Table VII. The 
representative figures have been worked out after 
taking into account the likely trends in the Third 
Plan periods in regard to the type and other technical 
characteristics of these equipments. 


Table VII 








BHOPAL AS ORIGINALLY PROPOSED 
Value of 
Year in which annual out- 
Description Year of full production turn on full 
commen- willbe reached production 
cement single shift 
(Rs. crores) 
PhaseI 1. Transfor- 
mers 1960 1964 2.15 
2. Switchgear 1961 1968 3.09 
3. Control gear 1961 1967 0.75 
4. Capacitors 1963 1966 0.23 
Phase II 5. Traction Motors 1960 1965 0.04 
6. Industrial 
Motors 1962 1967 0.95 
7. Heavy Ro- 
tating Plant 1962 1967 2.17 
Phase III 8. Water Tur- 
bines 1963 1968 1.85 
9. Rectifiers 1963 1968 0.27 


Hydro-eelctric scheme Steam Electric Scheme 





Range of Representa- Range of Representative 





costs per tive figures costs per figure in Rs. 
kW (Rs.) in Rs. per kW(Rs.) per kW of in- 
* kW of insta- stalled plant 
lled plant 
Boilers - - 190-300 250 
Turbines 35-109 60 40-120 90 
Generators & 
exciters 25-80 50 25-80 50 
Auxiliary 
equipment 10-15 12 40-60 50 
Step-up 
Station 40-69 50 40-69 50 
Total : Rs. 172 490 








After some set-backs and delays due to the foreign 
exchange crisis, there is now an increasing awareness 
of its importance in our national economy and at- 
tempts are now being made to advance this programme 
by a few years. The first hydraulic turbine may be 
ready by end of 1964 or early 1965. The feasibility of 
expanding the factory for an annual output valued 
at Rs. 25 crores instead of about Rs. 12 crores as 
originally contemplated is also being examined. Even 
if these are completed, the manufacturing capacity of 
the factory for hydraulic turbines and generators will 
only be of the order of 350,000 kW per year, as against 
our minimum requirements of 600,000 kW per year in 


To the figures given in Table VIF must be added the 
foreign currency required, if any, for transimission 
lines, substations and distribution equipment. In so 
far as the transmission lines are concerned, except for 
insulators and their accessories, we expect to be self- 
sufficient in respect of towers and conductors required 
in the Third Plan. Perhaps a small amount may be 
needed for import of high tensile steel core wire for 
the A. C. 8. R. conductors. Ten to twelve per cent of 
the outlay on transmission lines will thus necessarily 
be in terms of foreign exchange to cover the insulators 
and other small requirements. 


Regarding sub-stations, there is a wide range of 
costs per kVA of installed capacity of transformer 
depending upon the Switchgear, the number of incom- 
ing and outgoing feeders, the type of design adopted 
etc. Also, the aggregate transformer capacity in kVA 
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required in stepdown stations, is about 1.5 times the 





installed generating capacity. In other words, as a 
general approximation, each kW of installed genera- 
ting capacity would need about 1.5 kVA of transformer 
capacity for step-down stations i.e. Rs. 90 in terms of 





5 
Table VIII 
Hydro Steam plant __ 
Total cost Foreign Total Foreign 
(Rs. crores) exchange cost exchange 
component (Rs. crores) component 


(Rs. crores) 





foreign exchange. In regard to “Distribution” most of 
the transformers and line equipment are manufactur- 
ed within the country. Any foreign exchange required 
for these would be limited to the import of raw materi- 
als required for their production. The amount re- 
quired is assumed to be 2 per cent ofthe capital outlay 


(Rs. crores) 





(i) Generation 110 17.2 90 49.0 
(ti) Transmsi- 

sion 23 2.7 23 2.7 
(tii) Transfor- 

mation 15 9.0 15 9.0 
(iv) Distribu- 

tion 50 1.0 50 1.0 

Total 198 29.9 178 61.7 





on ‘“‘Distribution’’. 


From a study of the programme now set for the 
Heavy Electrical Plant factory at Bhopal, it is clear 
that the contribution of this plant towards the savings 
in foreign exchange would be comparatively negligible 
in the first few years of the Third Plan. 


The above figures indicate that on a very rough basis 
the foreign exchange component of the power house 
machinery and step-up station per kW of installed 
capacity is now of the order of Rs. 172 for bydro and 
Rs. 490 for steam power stations. A little more than 
30 per cent of the total outlay of Rs. 380 per kW 
(i. e. about Rs. 117) required for transmission and 
transformation would have to be in foreign currency. 


Thus, installation of an additional generating capa- 
city of 1 million kW hydro and 1 million kW of steam 
plant in the Third Plan, would callfor an investment of 
the magnitude as given in Table VIII. 


Out of a total capital outlay of Rs. 198 crores for 
providing | million kW of hydro generating capacity 
and electrification, about 15°% is in foreign exchange, 
whereas the corresponding outlay for 1 million kW of 
steam generation is Rs. 178 crores of which the foreign 
exchange component is about 35°. This estimate does 
not include the foreign exchange required for the pro- 
curement of construction machinery necessary for 
large hydro and river valley projects. The magnitude 
of this requirement may be judged from the cost of 
equipment made available for some of the projects 
under the Indo-U.S. Technical Cooperation Pro- 


gramme: 

Hirakud $3,185,540 

Chambal $1,545,383 about Rs. 70-150 
Rihand $7,844,115 per kW. 


The author is grateful to the Planning Commission 
for permission to utilize a large amount of data in pre- 
paring this paper and for publication of the same. The 
conclusions drawn, however, are the author’s own and 
not of the Planning Commission. Thanks are also due 
to Sarvasri V. Krishnamurthy, Senior Research 
Officer and K. R. Paramesvar, Research Officer of the 
Irrigation and Power Division for theic assistance in 
collecting the data. 


Annexure I 


Capital Co-efficients for some of the major Power Schemes in the First and Second Five-Year Plans 








Sl. Name of Projects Capitaloutlay Installed ca- Capacity at Cost perkW in Rs. 
No. on generation  pacityin 100% L. F. of installed of capacity Remarks. 
in Rs. lakhs. MW. in MW. capacity, at 1l00% L. F. 
x 1) es Se eee” ws LC (6) (7) (8) — : e 
A. Multipurpose Projects: 

1. Hirakud Dam Project 4035 (a) 232.5 127.0 1735 3177 (a) includes Rs. 1896 lakhs of 

Stages I and II. common works as share of 
‘**Power’’. 

2. Bhakra-Nangal Project 6616 (5) 514.0/366.0 365.0 1287/1807 1812 (b) includes Rs. 1600 lakhs of 
(Nangal P. H. and Bhakra common works as share of 
Left Bank Station). ‘“*Power’’. 

3. Chambal stage I. 1160 (c) 92.0 45.0 1267 2577 (c) on the assumption that out 


of Rs. 1360 lakhs for the 
Dam —Rs. 680 lakhs will 
be allocated to Power. 
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4. Maithon Project. 688 (d) 60.0 1147 - (d) out of Rs. 1266 lakhs for 
the dam Rs. 222 lakhs 
allocated to Power 
5. Panchet Hill Project. 648 (e) 40.0 1620 - (e) out of Rs. 1439 lakhs for 
the dam, Rs. 255 lakhs is 
allocated to Power. 
6. Bhadra Project. 229 (f) 33.2 723 - (f) entire cost of Dam alloca- 
ted to irrigation. 
B. Hydro-Electric Projects: 
7. Koyna Project. 3306 240.0 144.0 1377 2296 
8. Rihand Project. 2939 250.0 105.0 1176 2800 
9. Sharavathi Project. 2544 178.0 178.0 1430 1430 
10. Kundah project Stage I: 2300 180.0 51.4 78 4474 
Stage IT 2731 180.0 77.4 1520 3530 
11. Pathri Power Station. 259 20.4 13.6 1270 1900 
12. Periyar Project. 627 105.0 25.0 597 2508 (Including seasonal output 
can generate 636 < 106 kW hrs. 
annually). 
13. Machkund. 1537 114.8 84.4 1340 1821 
14. Sileru 608 120.0 41.0 507 1483 
15. Pambiar scheme. 729 100.0 42.2 729 1726 
16. Panniar Project. 324 30.0 15.6 1080 2080 
C,. Thermal Stations: 
17. Bokaro Power Stn. Stage I. 1492 172.5 : 5 
Extensions. 455 82.5 - 551 
18, Durgapur Steam Power 
Station. 1306 165.0 : 790 - 
19. Korba Thermal Station. 854 90.0 . 949 « 
20. Kanpur Power Station 
extens. 94 15.0 - 627 . 
21. Birsinghpur Thermal Station. 608 60.0 - 1913 ° 
22. Delhi Diesel Station. 163 20.0 - 814 ‘ 
23. Small Diesel sets. - + - 600-1000 “ 
Annexure It B—66 kV Double Circuit Line 3 


Cost ESTIMATES OF TRANSMISSION LINES BY VARIOUS PROJECTS 
AUTHORITIES 


A—66 KV Single Circuit Line: 


Value in Rs. per mile. 





Item Conductor size. 


0.1 sq.in 0.15 sq.in 0.175 sq. in 


copper copper copper 
equivalent equivalent equivalent 


Towers. 11,800 11,000 11,000 
Insulators. 2,200 1,060 1,060 
Conductors. 13,700 18,240 20,940 


Miscellaneous char- 
ges ; including 
distribution and 


erection. 7,400 19,000 19,300 


Total : 35,100 


49,300 


Percen- 
tage of to- 
tal cost 


Item 


Towers 


Insulators 
Conductors 
Miscellaneous 


Total : 


C—132 kV Single Circuit Line: 


— utinengicbelidietinns emia deails ——s 
Conductor size Percentage of 


0.1 sq. in 


15,500 
4,750 
22,064 
14,910 
57,800 





0.1 sq. in total cost 
19,400 27-37 
2,200 4-8 
14,100 27-39 
16,400 26-31 
52,100 # °#»# © 








21-33 
2-6 


37-40 


21-38 


52,300 


Item 


Towers 
Insulators 
Conductors 
Miscellaneous 
charges 


Total : = 





Conductor size Percentage of total 
0.2 sq. in 0.2 sq. in cost. 
18,100 16,40) 24.33 
3,660 3,960 6-7 
23,500 25,900 39-43 
9,740 20,640 18-31 
55.000 66,900 


[Continued on page 18 





Determination in stages of 
the Water level in steady non-uniform flow 





1. General 


The steady non-uniform flow in open channels 
occurs in the following forms : 


A. Without change of flow region 


B. With change of flow region 


For the first case the calculation of water level can 
be easily done, that is : 


A. 1. Accelerated motion without change cf the 
flowing state in the tranquil or in the shooting 
region. 


A. 2. Retarded motion without change of the flowing 
state in the tranquil or in the shooting region. 


Conventional calculations may be done in the up- 
stream direction as well asin the downstream direction. 
It is self-evident that the rules cf signs are to 
regarded strongly. 


In the second form it must be essentially distin- 
guished between the two possibilities : 


B. 1. Accelerated motion with change of the flowing 
state, that is with transition from the tranquil 
to the shooting region. 


In this case it is necessary to determine at first the 
conditions in the section of transition, that is at the 
place of the critical depth (y=y,, H=H»nin, Q=Qmna,)- 
It is adviszble to begin with the calculation of water 
level there as: 


Accelerated motion 


ok, % 














Uniform motion 





By Dr. Ing. P. G. FRANKE 


In the tranquil region upstreams, and in the 
shooting region downstreams. 


2. Retarded motion with change of the flowing 
state, that is with transition from the shooting 
to the tranquil region. 


In the zone of retardation (between y=y’<y, and 
y=y’>y, where for each depth the head of energy is 
H>H,, in) a water depth y=y, can not exist, because 
for this would be H=H,,,;,. An elevation of the energy 
line in the flow direction, however, is not possible, 
Therefore the transition from the shooting to the 
tranquil motion will take place with a jump. The 
calculation for this zone will be done separately. 


2. The Formulae for the Conditions between 
two Sections 


The loss-head of the energy line in the direction of 
flow is without any exception always positive. In 
general it can bo written as : 


Ae=VEL-VEr 


where the index L (Left) is for the upstream section 
and the index R (Right) for the downstream section 
(fig. 1). With the same rule for finding the differences 
follows for the water level 


Retarded motion 








Figure 1: Forms of steady flow 
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Ah=V7 Wi —V Wr 
and for the channel bottom 
Az=V Si —VS8r. 


These values of Ah and (Az are either more, equal 
or less than zero. 


Regarding that the atmospheric pressure is the same 
in the two sections concerned, the comparison with 
Bernoulli’s equation is obtained as 


> & - 2 

m+ Pti+ «Yt mp +PR 4 xR + Ac 
7 ou Y ag 

and substituting 


Vv 2 


5) 
“8 


Pp 





=y and k = 


follows 
a +yi+«ky =zr tyr + «kr + Ae. 
The loss of head 
Ae=(a1 —zr) +(¥t —yr) + « (kt —kr) 
can consequently be expressed as 
Ae=Az+Ay+ « Ak. (1) 


Further, for a comparison of the conditions irrespec- 
tive of the mean velocity head the equation is 


z.+YiL=Zr +yr + Ah 
and then for the difference of water level 
Ah= Az+ Ay (2) 


is obtained. Alternatively the expression for the loss 
of head is modified to 


It will be noted that the following is also valid 





Ae=J- Al=J,—&= 
cos & 

At =—J,, \l=Jy L . 
- - cos & 
a=J, a ia: 

A? Al cos &€ 





where with regard to the normally very small slope of 
the channel floor 


Al= Ax 


may be used. For example, in the case of a slope 
J=1,0%=10.%, the value of cos € =0.9999. 











Criterion 
Accelerated Uniform Retarded 
motion | motion motion 
a>0 | a=0 a<0 
General expressions | 
VL< VR VL =VR VL> VR 
Ak<0 Ak=0 | Ak>o 
his ds, Sail; Led, 
| 
Ah>0 Ah>0 | Ah>0 seldom 
| Ah <0 
Unvariable shape of cross section | 
Ay>0 Ay=0 |  Ay<o 
pa >Je Sods Ju =Je =J, dw < Je <J; 


a 





38. Preliminary work for the Calculation in 
Natural Channels 


The choice of the sections for calculating must be 
done with regard to the changes in width and slope, it 
means with points of view from the plan and the longi- 
tudinal section. 


It is expedient to work out for each section the 
curves of the cross sectional area F and of the wetted 
perimeter U (Fig. 2). For very large channels some- 
times it may be sufticient to draw only the curve of the 





vw 
0 
S] 
eS -o 
¢ ae ve 
rad 
¥ 











Fu 


Figure 2: Graph of cross-section area 
and wetted perimeter 
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mean depth. Then follows F=by and U=b+2y. 
In such cases for the hydraulic radius frequently can 
be assumed R=y, however, this value is always a 
little too big. If the width of the channel is expressed 


“n 


as b=ny then follows R= ss and subse- 





> x ‘ad my, 
a 


quently is forexample m=0.96 forn=50 and m=0.98 
for n=100. 


4. Calculation with an assumed water level difference 
Ah. (Method of Boss) 


4, 1. Considering the velocity head 


For the difference of the water surface in every 
interval it is obtained 


Ah=Ae— « Ak=Jd.. Al— «(kt —kr)= 





7: ie 
sagt eens Lif hrtbmrgee tn (4) 
m m “gs 


where naturally A/=/\x can be introduced. The guid- 
ing ruk. for the calculations may be stated in the 
following steps. 


Given: Discharge Q 
Red. level of water surface VWr 
Red. level of the bottom V7Sr 
Cross sectional area Fr 
Wetted perimeter Up 
Velocity vp =Q: Fr 


Coefficient of roughness, 


Ah’ 


First assumption : 


(a) Red. level of water surface 7Wi’=YWr+Ah’. 
For this condition the values Fy, and Uy are to be 
worked out by calculation or by graphs. 


(b) Averaze values: F,,=} (Fr +F.) 


U,=3 (Ur +Uz) 
R,,=F » : Uy 


m m* 


i: 7. 


I 


Vim 


(c) Coefficient of velocity: The Chézy-coefficient 
is to be determined with one of the formulae 
concerned. 


(d) Average relative slope of the energy line 


r 2 
Je mt eat 


: C, 7 R m 





and loss of head 
Ae=de Al=J- Ax . 


(e) Difference of the velocity-head 


thin (vi ?—vr ?) 
2g 


where vy =Q : Py... Then it is to note : 
accelerated 


Ak So { uniform 
> | retarded 


\ motion 
J 


(f) First result of the difference of water level 


Ah=Ae— « Ak. 
Generally it will be 


Ah 2 Ah’. 
Fee 


The calculation must be repeated till the assumed 
value Ah’ is equal to the calculated value Ah. As 
assistance for the second assumption can be used : 


Tranquil region 


Ah = Ab’ -»Ah’=Ah’+8 


Shooting region 


Ah . Ah’ -»Ah"=Ah’+8 


For the first assumption it is mostly essential, 
especially for short lengths of the interval, to 
use Ah’=0. 


In retarded motion it can be possible that 
Ah<0. This is the case if in equation (4) it will be 
Ae< «Ak. The water surface is elevating in down- 
stream direction. This phenomenon occurs if the 
channel has a very small roughness and the transition 
from the higher velocity v_ to the smaller one vr is 
gradual and _ therefore without any separation 
phenomenon. 


An illustration for these calculations is shown in 
table 1. 





10 


Table 7 


4 





“4 


4. 2. Neglecting the velocity head 

In the case of small differences in the velocity, 
especially for small velocities at all, (k=O may be 
assumed. Therefore from equation (4) follows the 
approximate formula 


(5) 





in which it is considered J, =J. =J. 


The guiding rule for the computations is the same 
as before, however, excluding the step number(e). 


5. Calculation with the help of a known water level 
(Method cf Weiss) 


The calculation is based on the assumption that in 
case of an alteration in water level (e.g. due to chang- 
ing of discharge or on account of an obstruction) the 
flow motion follows the same laws as before. 


The terms which are to be computed are not as- 


signed with any index and those which are known have 
the index ‘“‘u’’. 


5. 1. Considering the velocity head 


The relative slope of the energy line in the known 
state is to be expressed as 


J = .- Q,” 


u CG; .R, ~ C2F 2R, 


10 


e,lah'iwW1 FLU 


44 | 12 


V, 


u 


400,0|.65,2 
98,0] 65, 
9% ,0164,8 
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and that in the unknown state as 


vy? J Q? 
ad CR CFR, 


I 


Then follows for the ratio of these slopes 


C )’ (4+) (+ 








Cy 
I 
ities 
“ 

& 


ee” 
om, 
pe 


(8) (YRC) 
(FY FY GR) (8Y & 


Po 
where a Q,. The case Q=Q, occurs for example, 
if for a discharge concerned and the corresponding 
water level in the undisturbed course (index u), the 
conditions must be worked out after erecting of an 
obstruction. 


The difference in water level will be obtained with 
the mentioned formula (4) 


Ah=Ae— « Ak. 


For the calculation it will be useful to assume a 
value /\h’ also. An example is given in table 2. 
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Applying for the determination of the mean velocity 
an equation of the type 


« 4 « —$ = 
wits 2 th Ra 


where K is a constant value of the channel concerned 
for all water depths and the exponent « is dependent 
on the shape of the cross section (7), then follows 


- 


with x =1 the expression 


= (5) Ce (@y 
or (7) 
oe (3) BPE (QY a 


Using the formula of Kutter for calculating the 
coefficient of velocity 





c— 100 YR 
/ R+m 


for the coefficient of roughness the expression 


is obtained. Further, it can be written 


_Fc./Ry VB 
$ ba VR 
and with 
VR _FR VI 
i: Q 


follows for the coefficient of roughness 


R r = 
Nak 5 OO, 
Q 
and analogously 


m,=100 F, RWV/Ju a 





/ Ry ‘ 


u 


1 Franke : Frictional losses of head in steady uniform flow. 


Journal of Scientific & Industrial Research 17B. (1958) 
No. 8, pp. 289—296. 


With the assumption conce:ned that m=m, from 
these equations the formula 


Q Q 2 
J= [= FP, Ry VIu— 100 (VR-vB)] (8) 


FR 


is obtained. 


Applying the formula of Bazin for the determina- 
tion of the Chézy-coefficient and with the same assump- 
tion, that the roughness coefficient is constant for all 
depths, in the above expression will be received as 
constant factor 87, instead of 100 (second term of the 
numerator). 


5. 2. Neglecting the velocity head 


In these approximate calculationsis \h= /\e and the 
formulae concerned are to be modified accordingly. 


6. Calculation in the case of uniform cross section 
For this particular case which is given for artificial 
channels only, besides the mentioned methods an other 
one may be applied. 


6. 1. Considering the velocity head 


Modifying equation (1) into the form 


Ae—Az=(Je —JIs ) AL=Ay+ «& Ak 


the expression 


Al= Ay+. 5 oe (9) 


will be obtained directly. This equation may also be 
written in terms of 


> all 
ie 


which was used for example by Braun. 


For Ay=O follows \k=OandalsoJ. —J; =O, hence 
A\x= . From this it is to see, that backwater curves 
(rising and falling curves) are theoretically limited in 
the infinite, it means that they are going asymptotically 
to the original undisturbed water level. 


The computation which will be done compartment- 
wise also (table 3), offers for the assumed differences 
of Ay the length of the interval A1= /x concerned, 
It is to note, that with the introduced signs for rising 
curves it is Ay<O and for falling curves Ay >O 

(fig. 3). 
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Table 3 
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Rising curve. ay<O 


Falling curve: ay >O 


Figure3 : Backwater curves 


If the intervals of Ay are chosen as constant, the 
length (x of the intervals concerned are arising accord- 
ing to the end of the backwater curves. Therefore, it is 
advisable to use for the last steps smaller intervals Ay. 


6. 2. Neglecting the velocity head 
In this case the equation (9) will be simplified to 


Al=Ax= a (10) 
Ve vs 


however, it is an approximation only. 


7. Conclusions 


The step-by-step calculation of the water level in 
steady non-uniform flow yields always better results 
than overall-formulae. (7) In these methods are 
applied the rules of steady uniform flow for the condi- 
tions in the intervals concerned having the mean 
values between the two sections. With regard to 
the signs these methods may be applied for all conti- 
nuous forms of flow. It is to note, that the method of 
Boss is applicable in all the cases. 


The simplified calculation without regard to the 
influence of the velocity-head offers always bigger 
length for the backwater curves. 


It is advisable in any case to do the computations 
in tabulated form. In the given tables, naturally 
any more columns can be ordered if necessary. 


2 Franke : Berechnung der Wasserspiegellage fiir die sta- 
tionir ungleichférmige Strémung in offenen Gerinnen. 
Franckh, Stuttgart 1950. 


[Continued from page 20 


Irrigation Policy : II—Some Economic and Financial Aspects 


the subject. Some preliminary work was undertaken 
by the Gokhale Institute of Politics and Economics, 
Poona, in respect of Godavari and Pravara canals 
in the Deccan, before the war. Recently, that Institute 
has completed the study of the economic aspects of 
the Hirakud Dam Project in Orissa. It has, therefore, 
been felt that a series of detailed economic enquiry and 
investigations into selected irrigation projects which 
had been under operation for a fair length of time 
should be undertaken. Surveys have been begun in res- 
pect of some irrigation projects, namely the Sarda Canal 
in Uttar Pradesh, the Tribeni Canal in Bihar, the Damo- 
dar Canal in West Bengal, the Cauvery-Mettur Project 
in Madras, and the Gang Canal in Rajasthan. As a 
result of these surveys which are expected to be 
completed by about the end of 1959, it is hoped to 
obtain a great deal of information which will help in 
the formulation of future policies and programmes in 
re‘ation to irrigation development. 


Measures to secure larger Economic Benefits 

This aspect has already been briefly referred to 
above. In the recent past, the need and justification 
for imposing betterment levies on areas coming under 
irrigation has been emphasised. In most of the States, 
betterment levy legislation has been enacted. The 
question of enforcement of legislation and the speed- 
ing up of recoveries are being followed up. Similarly, 
in several States water rates have been revised in 
recent years. The raising of water-rates involves 


difficult problems, but steps in this direction have 
been or are being taken in several States. With the 
realisation of betterment levies and by raising water- 
rates to reasonable levels, there may be room to believe 
that the financial prospects of individual irrigation 
schemes may improve. 


As stated earlier, from time to time suggestions have 
been thrown up, the main purport of which is to secure 
judicious selection of irrigation projects for obtaining 
greater benefits and better financial returns. To 
secure as large a measure of public participation and 
support as possible for river valley projects, the follow- 
ing measures, among others, may be recommended :— 


(i) where legislation for betterment contribution 
had not been promoted, to take the necessary 
steps for its introduction. 


(ii) to adopt the systein of village co-operatives for 
the excavation of canals ; 


(iit) to organise labour co-operatives where condi- 
tions permit ; 


(iv) to take such other steps as may: be possible 
with the object of securing public support. 


Tn conclusion, it should be made clear that whatever 
views have been expressed in the paper are the author’s 
own and not those of the Government cr organisation 
in which he serves. 
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EXPLORATION OUTFIT a. Aa 


Gurley current meters have been in use all over the world for 

more than 70 years for measuring the rate of flow of water in shallow 
streams, irrigation ditches, canals, sewers, deep rivers of tidal waters. 
The 622-H Exploration outfit consisting of Basic Meter with spare 


parts and accessories, is an invaluable asset in geological surveys. 


W. & L. E. GURLEY, TROY, New York 
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Floods in West Bengal 





Floods play a more important role than rain in the 
production of the crops in large areas of West Bengal. 
Because of the diverse character of the rivers and me- 
teorological conditions, their regulation and control is 
a colossal problem. If the floods subside too early, the 
effect is disastrous on winter rice in higher lands. A 
sudden rise when the winter paddy is young is also 
very harmful. 


In West Bengal, floods cause colossal annual damage 
to life and preperty, houses and crops, roads and rail- 
way communications. In 1956, some 2,000,000 people 
were made homeless and the damage amounted to 
over Rs. 20,000,000. The floods cause widespread 
damage by (i) changing the course of the river especially 
in the sub-Himalayan West Bengal, thus destroying 
all that comes on its way, (ii) bringing vast areas of 
fertile lands under water thus damaging crops and 
settlements, disrupting communication, widely spread- 
ing malaria, dysentery and other water-borne diseases, 
especially in the western part of this State, and (iii) 
depositing huge quantities of sand especially in the 
North Bengal plain and rendering them unproductive 
for a number of years, (iv) inundating the coastal 
low-lying areas as in the case of the Sundarbans on 
which layers of salt are deposited thus killing the stand - 
ing crop and reducing the fertility of the soil, and (v) 
inundating the low-lying areas in the east, thus form- 
ing marshy tracts which are unsuitable for cultiva- 
tion. In certain cases, however, e. g., the North Bengal 
flood plain away from the hills or the Damodar- 
Rupnarayan-Kasai flood plain, floods make the land 
extremely fertile with the deposition of fine silt thus 
increasing the fertility of the soil. 


In West Bengal floods are more frequent in : (i) 
North Bengal lying to the east of the Tista river, (ii) 
Central Bengal in between the Ganges and the Maha- 
nanda and between the Punarbha and the Atrai, (iii) 
the western Bhagirathi plain, (iv) the Jalangi plain 
in Nadia district, (v) the dead and dying deltas 
of the Damodar-Rupnarayan Kasai-Kaliaghai rivers 
(Vide map). The regions bordering the marshy tracts 
in the east and central part of this State are flooded 
during the monsoons. Periodic floodings are common 
in the low-lying areas of the Sundarbans and the sea- 
coasts during high tides. It is interesting to note that 
North Bengal suffers from early floods during June- 
July, whereas, in other areas floods generally occur in 
August-October, with maximum frequency in Septem- 
ber. The causes of floods are partly natural and partly 
man-made. A regional flood is generally associated 
with the passage of a cyclone being accompanied with 
heavy or fairly persistent rainfall, with melting of the 
snow and ice over the Himalayas. Owing to the ex- 
cessive ‘run-off from depleted and farmed lands in the 
river catchments, vast quantities of detritus enter the 
rivers, changing their character to wide, aggraded 


By BIRESWAR BANERJEE 


channels which erode farm lands by bank erosion and 
affect increasingly large areas by flooding. Attempts 
to check this flood permanently by artificial embank- 
ments always proved to be failure and with the raising 
of the river beds, floods have now become more com- 
mon than some 50 years ago. 


In North Bengal, floods are due partly to such natur- 
ral factors as heavy landslides, concentrated rainfall 
and to human factor in the shape of ruthless deforesta- 
tion in the catchment area. Average storm rainfall 
occurring during the ‘breaks’ of the monsoon often 
exceeds an intensity of 1” in an hour. Absence of 
sufficient forest cover along with landslips help these 
rivers in scouring enormous amount of sediments 
which are deposited on their beds after their debou- 
chure with the plains, thus resulting in the flooding of 
the surrounding areas. The integrated pattern of 
the drainage system aggravates the flood problem. 
Thus in case of an early flood in the Brahmaputra, the 
north Bengal rivers lying east of the Tista are swelled 
up, while their own water are distributed in the 
adjoining countries. Due to the gradual slope of the 
terrain the floods remain for a short duration and 
deposit fine silt on the agricultural land. Thus floods 
have become a boon than a curse and the entire 
North Bengal plain has become one of the most fertils 
tracts of this State. 


In case of central and eastern part of this State, 
the rivers being cut-off from their headwaters cannot 
carry their sediments with them and instead deposit 
them on their bed. Any extra volume of monsoon 
water is thus overflowed to the surrounding low-lying 
areas. The Ganges cannot take the extra water from 
the Mahananda, as the former has already been 
swelled up due to the melting of the ice, snow and 
rainfall in its enormous catchment area of 350,000 sq. 
miles. In the tidal rivers, e.g., the Hooghly, the 
Matla etc., tides redeposit the silts on the river beds— 
as the flow tide being stronger carries the silt what the 
weaker ebb tide carries down. Along with this the 
pre-mature reclamation of the active delta, uncoordi- 
nated urbanization and unscientific layouts in roads 
and railways have added to the frequency and volums3 
of the floods. 


In the western part of this State, during the monsoon, 
particularly heavy rainfall is almost always associated 
with a cyclonic depression, which generally travel in a 
north-westerly direction, whereas, the rivers flow in 
the reverse way. The average storm rainfall in the 
catchment areas of these rivers exceed an intensity of 
0.5” per 24 hours. In Damodar, such rainfall varies 
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from 1.84” to 10.377". As a result of such storms, 
the mouth of these rivers get swollen first and the up- 
per portion of the catchment subsequently. Due to 
higher relief, rainfall is greater in the upper catchment. 
The absence of continuous forest cover, due to 
unplanned deforestation, increases the velocity and 
volume of the surface run off, which overtakes the 
flow of the lower section and spreads beyond the banks, 
thus causing widespread damage to the standing 
crops. 


The necessity of flood control often arises from the 
flooding of towns, villages and farmland of a river 
basin and measures are often taken to relieve any area 
from flooding. Isolated measure in any region affects 
the other portion of the river, as its flow from the 
source to the sea forms an integrated drainge system. 
Thus flood contro] measures should be made in a 
comprehensive way which form a part of the combined 
water resources development of a river basin. If misuse 
of land is avoided from the top to the bottom of a 
valley, almost any river can be controlled, but the task 
is so big and involves so many human activities that 
full control upon a river has not been achieved 
till now. 


In Bengal, dikes have been in use in village home- 
steads as a protection against floods for ages. The 
fields were allowed to be flooded, which lasting only 
for a short period deposited rich silts yielding bumper 
crops in the next harvest. The flood -protection mea- 
sures aimed at distributing the surplus water and silt 
by overflow system of irrigation. Floods were then a 
boonthanacurse. During the later halfof the 18th and 
the earlier period of the 19th century, due to generation 
of civil war and discord, this overflow system of 
irrigation was not looked into and it decayed.* To 
protect the country from floods long lines of embank- 
ments were raised without a devise to dispose off the 
silts. This policy of the then Government of excluding 
the flood water instead of regulating it and reclaiming 
land at the expense of spill areas led to disaster to 
agriculture, in subsequent years, causing recurrence of 
devastating floods. These dikes are useful for a couple 
of years. Any breach of the dike, during peak flood 
discharge, brings untold damage and misery (viz., 
the Damodar flood, 1943). For dikes alone do not 
provide adequate protection against major floods. 
On the other hand, they need large sums of money for 
their maintenance. Of the 3,000 miles of dikes in.this 
State, 2,200 miles are located in the Sundarban alone. 
These dikes impeded the natural delta-building 
activities of these rivers here. Hydrologists are 
against this policy of premature reclamation of land 
by embaniments. But at present, the removal of the 
existing dikes which protect a large area from imme- 
diate flooding, means a loss of agricultural land as well 
as the problem of rehabilitating the affected people. In 
the Sundarbans, this problem has been more acute, 
as occasional breaches of these dikesdue to their 





! U.N:O.—Flood Damage and Flood Control Activities in 
Asia and Far East, Bangkok, 1950. 
2 Willeocks, W.—Ancient System of Irrigation in Bengal. 
Calcutta, 1932, 


improper construction and maintenance, cause wide- 
spread waterlogging and increase in the salinity in the 
soil. Thus the hydrographic problem of this area is to 
protect the already reclaimed area by dikes constructed 
over high tide level and provide suitable number of 
sluice gates for the proper drainage of rain or flood 
water from the embanked area. 


The flood control in this State can only be effected 
by the control of silt as well as of the water. The 
construction of dikes is a short term remedy, but the 
positive approach is to tame the river at its sources. 
Thus while the extra volume of water can be efficiently 
stored in artificial or natural reservoirs, silt control 
can be effected by planned afforestation in the catch- 
ment areas. Floods can be effectively controlled by 
a reduction in the velocity of stream flow in the hills 
by inter-position of vegetation. The loss of water and 
soil from bare land is 125 and 800 times respectively 
from that of the forest.? 





Nature of cover Loss of water Loss of soil 





Forest 1 1 
Grass 27 32 
Bare land 125 800 





This simple and inexpensive method of controlling 
flood at its source by a vegetation cover, along with 
the storage reservoirs in its medium height and revet- 
ments, dikes etc. in its lower reaches can possibly 
check the flood and enliven the river channels. The 
flood control must, therefore start not with expensive 
engineering work along the lower reaches of the river, 
but with the rehabilitation of our derelict upland 
pasture lands, fields and forests. The recent approach 
of the D. V. C. in controlling the floods of the Damo- 
dar river as a part of the multi-purpose development of 
the valley may be considered to be an approach in the 
right direction. 


Thus hydrography in West Bengal presents three 
distinct type of problems: 


(t) Flood control and river training in the north 
and west. 


(it) Draining of water-logged areas in the east. 


(iit) Facilitating the natural delta-building acti- 
vities in the south. 


The problem is enormous as it entails the task of 
collection of data of every kind—hydrological, geologi- 
cal and metereological. Moreover, no two rivers are 
alike in character, so that an application of a success- 
ful method in one river may not be fruitful for 
another. 





3 Chaturvedi, M.D. (1956)—Floods and forests. 
The Statesman, Sept. 21, 1956. 
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Taking note of the fact that nearly 20° of the total 
area of this State continually face the danger of floods 
and 50% of them rely for their protection entirely on 
dikes, while the rest still await protection, it is beyond 
doubt that any improvement in the flood contro] mea- 
sures is of major significance to the improvement of 
living condition of the people and cultivation of this 
region. 


Post-Script 
Since this paper was communicated to this Journal, 
a flood of unprecedented magnitude occurred in the 
months of September-October in the State of West 
Bengal. Hence it calls for this post-script. 


1959 Flood Analysed 

The recent flood of West Bengal is the most catas- 
trophic in the State’s history. During the period, more 
than half of West Bengal was seriously affected. About 
100 people lost their lives and more than 5,000,000 
people were affected. Crops of over 1,000,000 acres 
have either been destroyed or damaged. About 200,000 
houses collapsed or badly damaged thus rendering 
1,200,000 people homeless. The total damage has 
been estimated to be over Rs 1,000,000,000. 


It seems ironical that this year’s biggest floods 
should have occurred along the banks of the Damodar 
and the Mayurakshi Basins where millions of rupees 
have already been spent for the construction of multi- 
purpose dams, barrages etc., primarily for the purpose 
of flood control and secondarily for irrigation and power 
generation. The causes of the recent floods have been 
attributed mainly to (¢) consistent and fairly heavy 
rainfall in the upper and lower catchments of the 
rivers ; (i?) inadequate storage capacity ofthe D. V.C. 
reservoirs in case of a bigger flood like the present one ; 
(iii) injudicious planning for regulating water releases 
and storage; (iv) progressive deterioration of the 
Hooghly drainage outfall. 


Due to a cyclonic storm passing over the Bay of 
Bengal coast, the western districts of this State ex- 
perienced very heavy rainfall during 30th September 
to 3rd October (6” at Maithon, 8.1” at the Lower Valley 
below dams). The track followed by this storm was 
away from the Valley along the southern fringe. The 
rainfall would have been much more if the storm had 
passed across the valley creating a flood of still bigger 
magnitude. During this storm, fairly high rainfall 
occurred simultaneously on the upper and lower 
catchments of the western rivers resulting in a peak 
flood flow, much greater in magnitude than any thing 
written in the history of these rivers. This excessive 
rain was too much for the river systems with their 
limited storage capacities to drain, thus resulting in 
widespread inundation of the riverine as well as of the 
inter-riverine tracts. The four damsat Tilaiya, Konar, 
Maithon and Panchet of the D. V. C. could prevent 
floods upto a flow of 600,000 cusecs. But this year the 
flow exceeded the limit by 200,000 cusecs. Naturally 
the increased amount of water releases from the dams 
was probably unavoidable but unfortunately they 
were discharged at a time when the drainage channels 
of the Lower Valley was heavily congested due to the 
fairly high rainfall in the first half of September. 


The D. V. C. released about 100,000 cusecs of water a 
day in the second week of September. But they created 
flood conditions in some areas below Durgapur. The 
amount released was even more increased in October. 
This along with the uncontrolled catchment at Durga- 
pur comes to about 390,000 acre-fest ; the peak flow 
being of the order of 149,000 cusecs. The Rupnarayan 
river which is an important drainage outlet of the 
Damodar was already swollen by the waters from 
Midnapore and Bankura rivers. This resulted in 
waterlogging conditions in the lower valley. 


Some experts believe that ignorance of the principles 
and procedure of reservoir operations on the part of 
the D. V. C. authorities have led to the unprecedented 
rise in the level of storage water. According to the 
D. V. C. experts, the water level at Maithon and 
Panchet Hill should always be kept at 469’ and 410’ 
respectively during the monsoon months (June 15 to 
October 15), so as to ensure an adequate flood cushion. 
But on October 2, the reservoir levels were allowed to 
go up to 496°8 ft and 432-5 ft respectively. Thus the 
reservoirs were allowed to be filled up considerably, 
leaving very little flood cushion for the October rains. 


Probably the D. V. C. executives erred in judgment. 
But until meteorological stations are improved and 
more accurate weather forecasting is obtained such 
erroneous judgment is inevitable. In the early years 
of its construction, the Corporation planned to set up 
a good meteorological observatory at Hazaribagh but 
nothing has been done uptil now. Better forecasting 
system could have warned about the storm much 
earlier and the D. V. C. authorities could take steps 
early. In such case the reservoirs could have been 
emptied in due time for the storm originated in the 
Bay four days before it reached the land. 


Another aspect of the last flood was heavy waterlog- 
ging in the lower reaches of the valley. Inadequate 
flood-flushing through the Damodar-Rupnarayan sys- 
tem during the first thres months of the monsoon 
have led to the progressive deterioration of the lower 
valleys. by silting. Their drainage outlets to the 
Hooghly have been seriously affected. Lack of sufficient 
flushing from the Damodar and the Mayurakshi have 
also its effect on the progressive deterioration of the 
Hooghly river. Thus the shallow beds of the rivers are 
not in a position to flush the unusually high flood dis- 
charge to the Hooghly outlet resulting in widespread 
inundation of the inter-riverine tracts in Hooghly, 
Howrah, Midnapur and parts of Burdwan, Birbhum, 
Nadia and Murshidabad districts. The gradients of 
the rivers are also a contributory factor. In the upper 
valley the gradient is steep where it takes comparative- 
ly little time for surface run-off to collect in the rivers. 
Thus tne flood discharge suddenly increases in volume. 
In their lower reaches, however, they flow through 
very low gradients. The upper half of the Damodar 
Basin has a gradient of 2000 ft in 200 miles which 
gives its flow a very high speed whereas, due to its 
very low gradient in the plains, its direct outlet is 
blocked by the Hooghly levee. 


It is thus apparent that the present problem of 
flood control is 4 very serious one, the effective solution 
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of which admits no delay. The possibility of another problem in these areas should be studied, and 
flood of the same or even greater magnitude cannot be special means should be adopted to increase the 
ruled out under the existing arrangement. It is now discharging capacity of the rivers. 

4 high time to carry on an over-all investigation on the 

various problems associated with it and to adopt (4) Effective arrangements should be made to re- 


both short-term and long-term measures to prevent the 
recurrence of flood. Some of the measures necessita- 
ting immediate adoption are evident from the present 
discussion. Thev are : 


tard the silting of the reservoirs. Toachieve this 
end, Dr. McLagan Gorrie in 1954, advised a 
long term policy of afforestation in the upper 
catchment area of the Damodar valley. But 


: Go : little has been done as yet toimplement Gorrie’s 
(1) Better weather forecasting is imperative to 






























remove any anomaly in regulating water re- _ 
leases and storage. 
(5) Effective measures should also be taken to reduce 
.(2) The present inadequate storage capacity of the the immediate run-off of rivers after a storm. It 
reservoirs should be augmented with the has been estimated that some 150,000 cusecs of 
construction of a few more dams on the upper inflow water retarded fur a week would have 
valleys. enabled the Damodar to accommodate the re- 
cent flood. It is well known that the effect of 
(3) The methods of improvement of the drainage such afforestation is to reduce the run-off con- 
system of the lower valleys, especially in case of siderably. This means a consequent lowering of 
the main drainage outlet i.e., the Hooghly river, the flood level of the rivers and safety of much 
should be formulated and implemented. Silt land and property from inundations. 
WHERE NATURE 
| DOES NOT HELP 
| 
Use CICO for complete water- 
proofing of reservoirs, safe 
OVERWEAD- “deposit vaults, Dams, Buildings, 
RESERVOIR 


Roads, Bridges etc. and save 
them from corrosive fungoid growth, 
efflorescence and injurious chemical 
actions. @ CICO is a wonderful 
: preparation for cement rendering and 
concreting under water and against pressure Preneunced 
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D—132 kV Double Circuit Line : 





Percentage of 


Conductor size 








Item “@.2 aq. in 0.2 sq. in 0.2 sq. in total — cost 
Towers 23,600 24,700 39,600 238-36 
Insulators 7,300 6,500 5,280 5-9 
Conductors 43,000 45,000 47,200 43-51 
Miscellaneous 

charges - 10,100 17,800 17,920 12-19 

Total : 84,000 94,000 110,000 





E—-220 kV Double Circuit Line : 





Item Conductor size Percentage of 
0.3 sq. in total cost. 
Towers 29,700 25 
Insulators 13,000 ll 
Conductors 48,500 40 
Miscellaneous charges 29,000 24 
Total : 120,200 lay 





Note : 
The estimates given by various project authorities differ 
because of variations in terrain, wind pressures and local 
conditions. 


Annexure III 


CariTat Costs Per kW oF INSTALLED Capacity IN 1956 








Country Thermal Hydro 
* Rupees 

Germany eee 535 - 
Austria re 735 1283/2200 
Belgium aa 715 - 
France 883/955 2040/2180 
Greece ase 767 - 
Ireland 800/868 1802 
Iceland ee 878 1782 
Italy 763/915 1755 
Norway ose - 600/800 
Netherlands ca 682 - 
United Kingdom ame 800 - 
Sweden nee 554 1108 
Switzerland ome - 1490 
Turkey 1195 2350/3580 
Average for all OEEC 
countries combined eee 744 1680 


* Converted from national currencies at prevailing rates of 
exchange 


(Source: Table 12, page 61 in “The Electricity Supply 
Industry in Europe 1977-58’’ published by the 
Organisation of European Economic Co-operation) 

India 


8300/1000 500/1700 

















I NEVER SELECT 
GRINDING WHEELS 


BLINDFOLDED 


To select Grinding Wheels 
blindfolded or for their low 
price is most unwise and 
uneconomical. Consistency in 
quality and economical 
operation are two outstanding 
features that you should 

look for when selecting bonded 
abrasive products, no matter 
what kind of grinding operation 
is called for. These and other 
outstanding features are found 
in Carborundum Universal 
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2 Grinding Wheels.. 
3 

s Carborundum Universal Ltd are on 


Rate Contract with the Government 
of India for the supply of their 
Grinding Wheels. and Segments. 








CARBORUNDUM UNIVERSAL LTD., 
Head Office: 
52/53, Jehangir Street, Madras-1. 


Telephone: 2941 (4 lines) 
Works: Tiruvottiyur. 


Distributors : 
M/S- WILLIAM JACKS & CO., LTD., 
Calcutta-!, Bombay-!, Madras-!, New Delhi, 


Bangalore-!, Kanpur. 
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Irrigation Policy : 


II—Some Economic and Financial Aspects 





The author contributed the first article in this series 
in March 1959 issue of the Journal when he discussed 
Considerations in Planning. 


In the implementation of irrigation schemes under 
the Plan, from time to time, the question arises whe- 
ther the financial aspects and implications of large- 
scale irrigation development are receiving sufficient 
consideration. In other words, the issue is whether 
the investment undertaken for the development of 
irrigation is sufficiently ‘‘productive” in terms of 
direct and net returns and therefore worthwhile. 


‘Specific questions are raised in regard to the criteria 


adopted by Government in approving the so called 
“unproductive” scheme. It is sometimes suggested 
that the concept of “productivity” should be re-ex- 
amined in the light of the present-day economic 
development in the country. 


Questions such as those mentioned above, perhaps, 
arise from the fact that a large number of irrigation 
projects included in the Plan do not appear to meet 
the tests of direct financial returns which at present 
hold the field. A random analysis of some irrigation 
schemes in the Plan, estimated to cost about Rs. 200 
crores, showed that the average financial return on 
their completion and full development may be of the 
order of 3°, or about 1.5°% less than the present 
productivity test of 4.5%. For individual schemes, 
the variations may be of even larger magnitude. Thus, 
in the future planning of irrigation development, 
there seems to be real difficulty in as much as, on the 
one hand, there are several considerations which make 
it imperative to proceed with irrigation development 
on a large scale in different parts of the country and, 
on the other, the traditional financial tests are not 
satisfactorily met by a large number of irrigation 
schemes taken up for execution. Tnere appears to be 
no simple answer to this problem. To appreciate its 
nature, it is necessary to approach it from the follow- 
ing different angles : 


(i) developments until the ead of the J) World 
War ; 
(ii) policy and development considerations ; 
(itt) long-term prospects ; 
(iv) financial yardsticks and assessment of direct 
and indirect benefits ; and 
(v) measures to secure larger economic benefits 
and larger economic returns. 
Each of these aspects is considered briefly in the 
following paragraphs : 


Developments until the end of the II World War 
A hundred years ago, the total irrigated area in the 
country was only 2-3 million, acres mainly from tanks 
and inundation canals. The first major irrigation work 
opened in 1854 was the Ganga canal in Uttar Pradesh. 


By C. 8S. PARTHASARATHY 


At the beginning of the twentieth century, the area 
irrigated from Government works had increased to 
about 16-18 million acres. There was comparatively 
little increase in irrigation from large works until the 
early thirties. When the IT World War ended, the 
total irrigated area stood at 34millionacres. In 1947, 
about one-half of the irrigated area got transferred to 
Pakistan. India was then faced with a growing food 
deficit and it was imperative that measures for 
providing irrigation facilities on a large scale should be 
undertaken. 


The situation at that time was assessed in some 
detail while formulating the First Plan. If the country 
was to ensure progressively improved standards of 
nutrition for its increasingly growing population and 
was to meet its requirements from internal production, 
it would be necessary to double the area under irriga- 
tion within the next 15 to 20 years. Simultaneously, it 
was recognised that measures had to be taken to utilise 
the plentifully available water resources of the country 
to the fullest extent and to improve agricultural 
practices through the application of the results of 
scientific research. The yelatively easier irrigation 
schemes had already been taken up and future works 
would present more difficult engineering and other 
problems. In most cases, construction of high dams 
would be necessary, so that both on the score of techni- 
cal complexity and financial investments involved, 
irrigation development was likely to present new 
problems. A national policy for irrigation develop- 
ment under which the development of various river 
valley areas could be co-ordinated and inter-related so 
as to secure the maximum results had to be evolved. 
With a view to obtaining better economic and finan- 
cial results, the organization of construction at the 
local level through village labour at village rates of 
wages was stressed. 


Policy and Development Considerations 

The total book value of large irrigation projects cons- 
tructed prior to 1947 amounted to about Rs. 100 crores. 
Large and medium-sized irrigation projects included 
inthe First Plan for which the expenditure incurred 
during 1951-56 was about Rs. 300 crores (out ofa total 
estimated outlay of about Rs. 750 crores) are expected 
to provide, on full development, irrigation facilities to 
22 million acres of land. Additional irrigation projects 
included in the Second Plan were estimated t» cost 
about Rs. 500 crores and to provide irrigation facili- 
ties to about 16 million acres. Thus, tho additional 
irrigation would come to 38 million acres, against a 
total estimated cost of about Rs. 1250 crores. The 
total expenditure on large and medium irrigation pro- 





20 


jects during 1951-61 is expected to be of the order of 
Rs. 600 crores. It is recognised that with invest- 
ments of this magnitude devoted to irrigation, the 
economic and financial aspects of various projects 
need careful consideration. The aspects calling for 
special attention are the selection of schemes, so as to 
secure the best results, economy in construction, 
realisation of direct and indirect benefits to the 
maximum extent feasible, timely recovery of water 
rates and betterment levy, efficient and speedy utilisa- 
tion of the available supplies and increase in agricul- 
tural production. 


_ These considerations are well-known and pointed 
attention was drawn to them from time to time. It 


is widely recognised that the dependence of agriculture * 


on rainfall leads to variations in the level cf agricul- 
tural production which become a serious upsetting 
factor for the national economy asa whole. Local food 
deficits would be of less consequence if, in the country 
as a whole, there ware an assured surplus. While 
measures for dry-farming and soil conservation are of 
the greatest importance for large part of the country, 
expectations of substantial increases in agricultural 
production and improvements in agricultural practices 
are associated, specially with additions to areas irriga- 
ted from both large and minor irrigation schemes. The 
development of intensive agriculture is also closely 
bound up with the problem of rural unemployment 
and under-employment. 


- It is now generally appreciated that the total vo- 
lume of food production is itself a limiting factor in the 
pace of economic development which can be achieved. 
Progress in industrialisation is determined to a large 
extent by the strength or weakness of the agricultural 
base both in the supply of foodgrains and in the supply 
of raw materials for different industries. In eliminating 
food deficits, increase in production of rice has an 
important role. In turn, this is closely related to the 
increasing provision of irrigation facilities. In recent 
years, the need for balanced regional development has 
also been emphasised. It is seen that national develop- 
ment cannot be achieved without balanced regional 
development. Development of river valleys has a 
crucial part in achieving balanced regional develop- 
ment. In the field of irrigation development, it is 
often necessary to cut across the boundaries of States 
and to proceed more and more on the basis of river 
basins as appropriate planning units. In this connec- 
tion, another aspect to which attention may be invi- 
ted is that irrigation not only increases production but 
changes the character of agriculture itself by inducing 
other technological and economic developments. 


Long-term Prospects 

The general considerations set out in the foregoing 
paragraphs gain even greater significance when 
seen against the perspective of future development 
of irrigation. Long-range studies are in progress. 
A rough estimate puts that, by the end of 1976, it 
may be possible to increase the area served by major 
and medium irrigation projects to about 80 million 
acres. The total area irrigated from minor irrigation 
works, including tanks, ordinary wells and tubewells, 
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is expected to rise, by 1976, to another about 80 mil- 
lion acres. For the rest of the cultivated area, about 
150 million acres, increased yields have to be obtained 
mainly through contour-bunding soil conservation 
and improved agricultural practices associated with 
dry-farming techniques. In future planning of irriga- 
tion development, the need for co-relating large and 
small irrigat ion schemes and measures for dry-farming, 
so that the development of each region or sub-region 
is taken up in an integrated manner, has to be 
emphasised. 


Financial Yardsticks and Assessment of Direct and 
Indirect Financial Benefits 

It is a common objective that the development of 
irrigation should be secured at the minimum cost. As 
will be clear from the considerations set out earlier, 
the choice is not one between the development or the 
resources of different regions through irrigation or 
through other means, as if these were necessarily 
alternatives. Irrigation programmes have to be 
undertaken in any event. The main question that 
can be considered usefully is the kind of balance that 
may be struck during each phase of development 
between irrigation and other fields of development. 
In choosing irrigation projects inter se, however, the 
financial yardsticks which may be prescribed from 
time to time, are of considerable value as a tool in 
planning. Such criteria cannot, of course, be regarded 
in themselves as a decisive test whether or not it is 
worthwhile taking up a particular irrigation project. 
While financial yardsticks should continue to be 
prescribed, it is well to recognise that in the context 
of rapid economic development, they can serve what 
is at best a limited purpose. 


In considering the financial results of irrigation 
projects, it may be pointed out that works undertaken 
in areas which are exposed to scarcity and famine con- 
ditions are, in a category, distinct from other irriga- 
tion works. In regard to the latter, it is customary to 
divide financial benefits into (a) direct and (6) indirect, 
and to divide the economic benefits into (a) primary, 
(4) secondary and (c) tertiary. Hitherto, the only 
financial benefits taken into consideration in prepar- 
ing the project estimates have been the direct ones. 
This approach had validity when the development of 
irrigation was pursued, more or less, as an indepen- 
dent aim without being always linked up intimately 
with complementary measures under Agriculture, 
Industries, Transport and Communications and Social 
Services. Planned economic development brings 
about much greater inter-dependence between develop- 
mental measures in different fields. Indirect financial 
benefits, thetfore, become more significant as planned 
economic development proceeds. For the same re- 
ason, besides the primary economic benefits, namely, 
greater and more diversified agricultural production, 
secondary and tertiary benefits acquire greater impor- 
tance when irrigation programmes are undertaken as 
part of a wider scheme of planned development for 
each State and region. 


An examination of the problem of assessing the 
benefits of irrigation projects may lead to the conclusi- 
on that not enough precise knowledge is available on 

[Continued on page 12 
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For 
thousands 
of young men 


a new life 





begins at DUPapur° siving comiers, wis 


young apprentice in Durgapur is on his first practical survey job in the field. When he 
becomes an experienced hand, efficient at his work, he will command a good salary 
and will have o future ahead, bright with promise. 
in Durgapur today, ISCON, who are entrusted with the construction of the giant one 
million ton steel plant, have already helped to train up a large group of young Indians 
in the technical field. This is part and parcel of the ISCON scheme of collaboration— 
to work side by side with Indian technicians and workers, to instruct them on 
the spot and in steel factories in England so that in the future Indio will have, not 
only her steel plants but also technicians to run them. 


ISCON 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. 


Davy and United Engineering Company Limited. Head Wrightson & Company Ltd. Simon-Carves Ltd. The Wellman Smith Owen Eng. 

Corp. Ltd. The Cementation Company Ltd. British Thomson-Houston Co, Ltd. The English Electric Co. Led. The General Electric Co. 

Limited. Metropolitan-Vickers Electrical Export Co. Ltd. Sir William Arrol & Company Ltd. Cleveiand Bridge & Engineering Co. Ltd. 

Dorman Long (Bridge & Engineering) Ltd. Joseph Parks & Son Ltd. Iscon Cable Group (Siemens Edison Swan Ltd. and 
Pirelli General Cable Works Ltd. ) 


| BRITISH COMPANIES WORKING FOR INDIA PSIC 6 
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Betterment Levy of 
Bhakra Canals : Basis for. Re-appraisal 








The extent and manner of levy of Betterment Fee 
on areas served by River Valley Projects is a possible 
cause of their failure to achieve their purposes. It is 
unfortunate for a country that this engineering prob- 
lem of the Bhakra Project should have become the 
subject of a political controversy in Punjab. The 
arguments being advanced by both Government and 
the Opposition are fallacious and betray a rather 
surprising ignorance of the case. I propose to state 
may approach to the problem of Betterment Fee on 
Bhakra Canals independently as an engineer, Other 
River Valley Projects in India may be faced with 
similar difficulties in due course of time. A correct 
timely decision may save a lot of time and money. 
The attempt of people to escape from this tax is as 
devoid of reason as the attitude of Government to 
force them to pay. Unless willing co-operation of 
consumers has been won, the Project will fail to achieve 
its purposes and difficulties will always arise at every 
step. 


I have tried to show how Government can actually 
increase the share of beneficiaries to pay Projects 
Costs and yet reduce the rates of the levy to bring it 
within easy means of land owners to pay. 


Necessity for Re-payment of Project Cost 

Projects like Bhakra Dam cost large sums of money. 
As all income of a State is derived from its nationals, 
the project cost will have to be eventually paid by the 
people in one form or the other. If the beneficiaries 
refuse to pay they will not have new facilities for 
improving their standard of living. It will mean 
stagnation and death of the community. There can 
be no two opinions on this issue. What matter is the 
extent and manner of this re-imbursement so that the 
beneficiaries willingly pay their share and co-operate 
in the success of the scheme which they should feel 
as their own venture. It is only under such conditions 
that the anticipated receipts shown in Govt. budgets 
can materialize, If they do not, the budgets are thrown 
out of balance and troubles arise. If costs of projects 
are not recovered from beneficiaries, the Govt. will 
have to meet the expenditure indirectly by heavier 
taxation elsewhere which makes the position still 
worse. 


Present extent of Cost Repayments 
The statement below compares the original figures 
in crores of rupees for reimbursement as they stood 
till about May 1958-and as now disclosed by the 
Minister in-charge in his note published in the J'rilune 
of 28th February last : 


By H. L. SALLY 





Project figures Latest figures 
of May 1958. 





Total cost of Project. 170.02 170.02 
Amount allocated to 

Power 55.90 84.21 
Amount allocated to 

Irrigation. 114.12 85.81 
Amount allocated to 

Rajasthan Irrigation. 22.65 18.04 
Amount allocated to 

Punjab Irrigation. 91.47 67.77 
Interest charges up to 

1960-61. 31.71 19.64 
Sum at charge in 

1960-61 123.18 87.41 
Productive part of cost. 44.50 54.50 
Unproductive portion if 

paid in lump sum in 

1960-61. 78.68 32.91 
Total amount of reim- 

bursement by 30 in- 

stalments. 101.57 2.00 





The above study shows that the Punjab Govern- 
ment deserves the sincerest gratitude of the peasantry 
in as much as the original demand for repayment by 
them has been reduced by a colossal amount of Rs. 
45.77 crores i.e., by about 60%. Reduction of rate of 
interest to 3% p.a. for deferred payments is also not a 
small achievement. The statement by the Minister 
did not produce the desired effect probably for lack 
of comparison of half yearly rates of instalments per 
acre. That would have made a direct appeal to the 
illiterate peasants. 


Need for fresh Allocations 
The framers of the Bhakra Project Report were too 
engrossed in the engineering aspects of the case and 
the subject of cost allocations did not receive the 
attention it deserved. If this technical defect in this 
Report comes to the notices of the Chief Minister, he 
will not hesitate to re-examine the whole issue, 
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A gross mistake is evident from the fact that it has 
now been possible to raise the allocation for Power 
from Rs. 55.90 crores to Rs. 84.21 crores. The origi- 
nal allocation was evidently very incorrect that such a 
drastic change became necessary. A further scrutiny 
yield still better results. Moreover, Bhakra Dam 
is a multi-purpose project and it is, therefore, incorrect 
to think of only two benefits of Power and Irrigation 
to which project cost should be allocated. Flood 
control, Municipal and Industrial water supply, Fish 
and Wild Life Preservation and Recreation are other 
tangible benefits which should receive appreciable 
allocations. This will correspondingly reduce the 
rates of Betterment Levy for peasantry. There is 
neither any contribution by Government for the 
intangible benefits that will accrue to them from this 
project. These consist of increased revenues resulting 
from development of industries and trade and provi- 
sion of additional food especially during the water. 
I will revert to this subject in greater details later. 


Fallacy in the Theory of Productive Cost 
We all know the basic necessity of taxation to run an 
administration. A community will, as such, be willing 
to pay their due share of the burden of cost of a project. 
The trouble arises only when there is injustice and 
unequal treatment of its various components by 
the State. 


It is a short-sighted policy for Government to invest 
their funds to meet that part of the project cost which 
they consider productive. In case of our Project this 
sum amounts to Rs. 54.50 crores. They will certainly 
be able to pay the interest charges on that investment 
from revenue occuring from the Project. The principal 
will actually have to be returned to Govt. of India by 
taxation elsewhere if the amount of Rs. 54.50 crores 
represents the capitalised amount. If this is the 
amortised amount, the capital is being repaid from 
revenue receipts. In the former case, Government 
collects from others to pay what should have been 
legitimately paid by beneficiaries. In the latter case 
they are deceiving the peasants. It will be in the interest 
of peasantry if project revenues less maintenance costs 
are directly credited towards payment of project 
costs. That will reduce the rates for Betterment 
Levy. I, therefore, hold that it is fundamentally wrong 
to divide the sum-at-charge into productive and un- 
productive portions. The idea of productive projects 
was alright withan alien Government who construc- 
ted projects for investment and not for benefits of peo- 
ple. Now-a-days, we sanction unproductive projects 
also, provided they are “economically feasible” i. e. 
where Benefit-Cost Ratio is more than unity. Under 
such circumstances the beneficiaries of a sanctioned 
project should be in a position to pay the entire cost 
from benefits received. If that idea is not accepted, 
Government will raise capital by extra taxation on 
some other side. That will amount to Peter thriving 
at the expense of Paul which means trouble elsewhere. 
Thus taxation can be kept at a low level if total costs 
of projects are paid by beneficiaries concerned. This 
system treats alike all who enjoy the advantages of 
an investment. 
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Reducing Half-Yearly Repayments 
The suggestion of total cost repayment will upset 
some unthinking land owners. It is proposed to reduce 
their share of the total cost by more equitable methods 
than by “Productive” theory. These are dealt with 
briefly as below :— 


(t) Government of India has advanced for Bhakra 
Project a sum of Rs. 170 crores from funds which they 
have received interest free from U.S.A. They consi- 
der themselves entitled to charge interest from the 
State Government to meet administrative cost of 
distribution and management of loans. This rate has 
now been reduced to 3% p.a. The annual interest on 
Rs. 170 crores even at this reduced rate of interest 
works out to Rs. 5.1 crores. That sum is surely very 
much more than the annual expenditure on the adminis- 
trative office dealing with the distribution of loans. 
Moreover, that office does not deal with loans to 
Bhakra Project alone. If actual figures of expenditure 
on that office are pooled for all projects, the justifiable 
charge may not be more than 4%. The people of a 
democratic Welfare State have a right to see the 
statistics on which the above rate of interest is based. 
It cannot be done ad-hoc. After having liquidated 
the business of money lending, the Central Govern- 
ment cannot continue to exploit to their own advan- 
tage the transactions which pass through them. It looks 
like nationalising the business of money lending. 


(ii) After having reduced the rate of interest to a 
nominal percentage, to meet related actual adminis- 
trative cost, the period in which the loan is to be re- 
paid by the State becomes less important as interest 
additions do not assume heavy proportions. The 
repayment can be spread over 30 years instead of 15, 
thereby reducing instalments to half and thus bringing 
the amount of half yearly instalments very must within 
the capacity of land owners to pay. This will also 
enable us to allow the period required for maturity of 
project before enforcing the levy. The American prac- 
tice is to spread these repayments over 40 or 50 years 
after allowing 10years of maturity of a project. These 
periods have been fixed asa result of long experience. 
They had also originally thought of recovering these 
costs within 10 years of completion of projects. 
Failures and difficulties resulted in changes which 
culminated in the present practice. We in India should 
learn from their story and not grope in the dark like 
raw fools. The loan for Chambal and Nagarjunasagar 
projects is repayable in 40 years and it can’t be very 
different for our Project. 


Even in India, we generally take 10 years for ma- 
turity of a project. Thus there is a strong case for 
postponing the levy to 1964 as the canals were opened to 
irrigation in 1954. By that time new irrigation in arid 
areas may be expected to have met the burden of their 
investments in their agricultural industry. In cases 
where only water allowances have been increased to im- 
prove the existing irrigation systems, the collection of 
levy can start forthwith. The collections could be 
finished even in 5 or 6 years by increasing the half- 
yearly rates. These people can afford to pay higher 
rates. 
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(iii) A considerable burden on Irrigation can be 
reduced by providing allocations to various other 
interests of the project. The simple framework of 8 
principles leading to maximum benefits from a river 
project for the well being of the people is essentially 
that formulated by the United States President’s 
Water Resources Commission in 1950. Principle No. 4 
reads as below : 


“The necessity of a system of repayment designed to 
treat alike all who enjoy the advantage of Govern- 
ment Investment.” 


This principle seeks reasonable repayment from 
direct beneficiaries in lieu of their gains consequent 
on the construction of the Water Resources Projects. 
The Government must, however, assume responsibility 
for contributing proportionate cost in view of the im- 
proved general welfare of the State. The first step is to 
analyse the estimate of project cost by features and 
allocate the costs to the several project functions in 
accordance with methods laid down. These functions 

-annot be discussed here in detail as that will require a 
book by itself. I will only mention them here to show 
to the reader the vast possibility of diverting elsewhere 
such costs which have been incorrectly allocated to 
Trrigation. That will help to reduce the rate of Better- 
ment Levy on the peasants. These elements are sum- 
marised in the following table :— 





Sl. Ne. Element Purpcese 











Agricultural production 
Provision of power for 
economic development 
and improved living stan- 
dards. 
Flood damage prevention 
or reduction; protection 
of economic development ; 
conservation ; storage, 
river regulation ; recharg- 
ing ground water, water 
supply, development of 
power, protection of life. 
4, Domestic and In- Provision of water for 
dustrial Water domestic, industrial, com- 
Supply mercial, municipal, and 
other uses. 
5. Fish and Wildlife Improvement of habitate 
for fish and wild life, re- 
duction or prevention of 
fish or wild life losses asso- 
ciated with man’s works, 
enhancement of sports 
opportunities, provision for 
expansion of commercial 
fishing. 
Conservation and impreve- 
ment of the soil, sediment 
abatment, run-off retarda- 
tion, forests and grassland 
improvement and _ protec- 
tion of water supply. 
7. Recreational use Increased well-being and 
of water health of the. people. 


Bs Irrigation 
2. Hydro-electric 


3. Flood Control 


6. Watershed Ma- 
nagement 


The first two of these features are very well under- 
stood in Punjab in connection with Bhakra Project. 
Flood control in river Sutlej is another important 
feature of this project. Every year we read so much 
about damage caused by floods in Sutlej. These floods 
result in heavy losses of crop, remissions of land re- 
venue, direct damage to property and lands and so 
many other indirect economic damages resulting from 
interference with traffic. The restoration value of 
damages prevented as a result of this project, is 
another name for benefits received by the population 
living along the river. There is no reason why these 
beneficiaries, including Government should not shoulder 
a due share of the cost of the project. Itis very unfair 
to burden canal beneficiaries to pay for benefits 
received by others. Indirect flood damages comprise 
of the net economic losses of goods and services to the 
nation due to interruption of traffic and other activities, 
both within and outside the area subject to flood. 
They also include the cost of anti-flood activities like 
emergency flood fighting measures and rescus, relief, 
‘are and rehabilitation of flood victims. Moreover, 
there are other intangible benefits consisting of 
prevention of loss of human life and promotion of 
health, general welfare and: security of people and 
national defence values. 


Domestic, Municipal! and Industrial supplies cannot 
be left out of consideration as human consumption 
must have first preference in relation to other supply 
matters. We can foresee the growth of new towns and 
industries in areas opened to new irrigation. Even 
the intensity of rural population will go up. All these 
developments will require extra use of water the rates 
for which are much higher than those for irrigation 
supplies as will be seen from table below which is 
based on the number of waterings for these crops. 








Name of crop Rate per Equivalent rate in Rs. 
acre per 10,000 eft. of water 

1. Wheat 5/12 : 1.06 

2. Cotton 6/12 0.89 

3. Som cane 16/8 0.76 

4. Rice 9/12 0.45 








The corresponding rates for municipal and industrial 
supplies are Rs. 2.50 and Rs. 6.00 per 10,000 eft. 
The use of canal water for these uses should, therefore, 
be encouraged. 


In a paper in 1950 on ‘Fisheries Conservation and 
Development’ D>. Hora, Director Zoological Surveys 
of India deplored the lack of attention to fisheries 
development in planning of multipurpose projects like 
the Bhakra. The projected reservoirs can provide 
vast fields for propagation of fish. The potential can 
be assessed by experts on the subject and a suitable 
allocation of project cost should be made: under this 
head as well. 
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Soil conservation measures are undertaken in hills 
to prolong life of a reservoir by reducing flow of silt 
into it. This gives a lot of benefit to owners of hill 
areas whose lands are saved from erosion. They should 
also share some burden of project costs. 


Recreation facilities afforded by reservoirs also 
bring in some revenue to the State. It is with this 
end in view that Architects are being employed to 
draw out plansfor development of landscape above 
Bhakra reservoir. Due to intangible benefits involved 
and lack of data concerning them, the evaluation of 
recreational benefits is difficult in monetary terms, 
and at best only an approximation. Government 
should contribute a part of project cost under this 
head also. They will make it up from revenue arising 
from fishing, camping, educational sight seeing etc. 


Other Methods of Cost Reimbursement 

Punjab has fixed a ceiling of 30 acres on land-hold- 
ings. If they mean business and if this limit is to be 
enforced, there is an opportunity to pay a substantial 
part of project cost. All holdings as they stood in 1953 
should be examined and ownerships of over 30 acres 
should be taken over by State by payment of com- 
pensation according to rates current before the 
Project. If these lands are put to auction, a sizeable 
project cost should be met present re-sale prices less 
compensation paid. 


It will be a sound policy to persuade landowners 
possessing over 30 acres to surrender their land in 
lieu of payment of Betterment Fee and then auction 
those lands, crediting the receipts to Project. This 
programme could be adjusted to co-ordinate with the 
Act fixing ceilings on land holdings as referred to 
already. The average landowner has not been appraised 
of the provision in the Betterment Act that the 
Betterment Fee could be paid off by surrender of a 
part of excessive ownerships. 


A panel of seven international experts, in para 76 
of their report on ‘Financing Projects.’ submitted 
recently to Secretary General U. N. O., advised that a 
Reserve Fund should be created with extra earnings 
from Electricity Projects for meeting in part the cost 
of works for other purposes. This practice is already in 
force in U.S. A. and ifitis enforced on Bhakra Canal, 
it will contribute to reduction of burden of Betterment 
Levy on peasantry. 


Cultivators on new areas have to fight desert condi- 
tions in the beginning and require to invest capital 
for developing their lands. If they can’t be helped by 
Taccavi loans they should at least be given some con- 
cessions in the interest of quicker maturity of projects, 
which means earlier increased income to Government. 
A remarkable contribution to this idea was made by 
Dr. Punjab Rao Deshmukh, Union Minister for 
Agriculture in a speech to Bombay cultivators as re- 
ported on the Z'ribune of March 22nd 1959. He 
advocated that ‘in the initial stages of utilization, water 
of various river valley projects should be made avail- 
able to cultivators at concession rates.’ He advised 
State Governments accordingly and added ‘this is 
particularly so when the projects like Nagarjunasagar, 
Chambal, and Bhakra Nangal are completed.’ 


A lesson is available from developments within 
Punjab itself. Even though the owners of areas 
served by Tube Well Projects were not faced with 
Betterment Fee, irrigation was not developed _ till 
heavy concessions were announced in the rates of 
energy consumption. There-after the development 
started apace. 


As State Governments have always tight funds and 
are anxious to repay their loans obtained for construc- 
tion of projects, they are compelled to charge 
extra Betterment Fees rather than show concessions. 
The only way out is provided by the creation of a 
Revolving Fund by pooling new irrigation projects 
with the existing ones in operation. A cess of say 10 
nP. in a rupee of water rates on canals older than 30 
years will not be a burden on old cultivators whose 
areas matured since long, and who are, therefore, in a 
position to pay this paltry amount without feeling the 
burden thereof. This can mean a corresponding relief 
on new canals. This idea of pooling existing and 
proposed irrigation projects has alo been advocated by 
the panel of seven international experts referred to 
above in para 78 of their report. This suggestion from 
a panel of high ranking international experts should 
receive due weight. 


The irrigators on old canals may laugh at this sug- 
gestion of being asked to pay for benefits being received 
by others. They should, however, know that the me- 
nace of Water Logging and Salinity is a stark reality and 
a day is not very far when the yields of their lands will 
go down and they will require Reclamation Schemes 
to be put through. They will then have to pay Better- 
ment Fees when their means will have dwindled. If 
they now pay into this revolving fund they will be very 
much happier later on as a result of this co-operative 
effort. , 


Till such time that the entire allocation to irrigation 
part of a project is not repaid, all project revenues less 
maintenance charges should be paid into the Revolving 
fiend for defraying the loan. This will give them 
something more than the benefit from Capitalisation 
of Productive part of cost by Government. 


The system of charging water advantage rate in its 
present form should be replaced by what. we call fluctua- 
ting system of land revenue which was in force on colony 
canals in West Punjab. This required an extra charge 
on every crop equal to water rates charged for it. 
The water advantage rate as now being charged is 
devoid of equity. It is a charge per acre on all the 
Culturable Commanded Area, irrespective of the fact 
if any crop has been matured on a_ particular 
field or not. Considering that canal irrigation intensity 
is 50% to 66%, a lot of area will be charged for with- 
out any benefit of crop accruing to the land owner. 
Moreover a uniform water advantage rate is charged 
whether a field is sown with sugarcane, wheat or fodder 
with widely different benefits to owners. It is evident 
injustice to charge for an area under fodder the same 
amount as for cash crops yielding big profits. The 
system of fluctuating assessment will do away with 
these inequalities and actually yield better revenue to 
Government, thereby lightening the incidence of 
Betterment Fee. 
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The Punjab Betterment Charges and Acreage Rates 
ct 1952 

The basis for assessing the amount of Betterment Fee 
as laid down in the Act is that it should not exceed 
half of the enhanced value of lands as a result of the 
Project. The amendment Act by which Govt. has 
started collections on matured area basis actually 
cancaels the Act instead of amending it. The State now 
claim a portion of the return from the land and not 
half of the increase in the value of lands resulting from 
the Project. Moreover, Betterment Fee was intended 
to be a charge on landowners but charge based on 
matured area will fall on tiller of the soil. Another 
flaw is that if the collections are continued on the 
matured area basis, certain areas will be purposely 
left unsown, and later sold at enhanced prices, 
thereby depriving the Govt. of gains which should 
have otherwise accrued to them under the Act. 


An advantage is claimed that we bring this tax 
within the assessee’s ‘ability’ to pay ‘by putting it on’ 
‘matured area basis’. This is a basic mistake. Calcula- 
tions for ascertaining ‘ability to pay’ are very lengthy 
and involve lot of labour. The income and expenditure 
on representative farms have to be tabulated and net 
balances calculated after allowing for not only interest 
on investment by farmers but also after allowing a 
reasonable amount for improving the farmer’s stand- 
ard of living. That is the only way by which farmers 
will consider themselves as a part of the Project and 
lend complete co-operation for early maturity of 
Projects and general welfare of the State. 


An inherent defect in the Act is that it accords un- 
equal treatment to different tracts receiving new or 
increased canal supplies. If the value of an arid piece 
of land is increased by say Rs. 500/- in Hissar District 
as a result of fresh canal irrigation, Govt., according 


to the Act, can claim upto Rs. 250/- out of it. If 


this land happens to be in Amritsar or Gurdaspur 
district, no demand is made on the land owner. This 
intolerable disparity comes in as a result of that ab- 
noxious clause in the Act that only such part of project 
cost is to be recovered from beneficiaries which makes 
the project unproductive. Calculation for productive 

considerations can be made differently by different 
persons. A new channel on U.B.D.C. is a productive 
scheme if we consider only the cost of that particular 
channel. If we debit it with the present value of the 
proportionate cost of the whole U.B.D.C. system, 
these projects become unproductive. It is under- 
stood that the water allowances on U.B.D.C..have been 
recently raised. It is inequitious that no Betterment 
Fee should be charged for this improvement when it is 
charged on Western Jumna and Sirhind canals 
for even smaller increases in water allowances. Uni- 
form tereatment is also imperative from another 
consideration. Govt. wants co-operative farming by 


Zamindars. They should set an example by providing 
‘co-operative irrigation’ systems in a State by pooling 
old and new projects and work on the principle of 
‘equal taxation for equal benefits’ throughout the State. 
Govt. will thus set an example to Zamindars to co-oper- 
ative farming. This will be the best way to finance 
new projects without stifling development on them. 
A small concession may be permissible where irriga- 
tion is extended in new areas for the first time. A 
small surcharge could be levied on old established 
systems without creating any hardship. 


There is a serious lacuna in the Act where it lays 
down that amounts of Betterment Fee will be calcula- 
ted on the basis of the increased value of lands as a 
result of the Project. These caluculations are essen- 
tially independent of the cost of the Project. No rule is 
laid down by which a part of the enhanced value of 
project lands is to be equated to the re-imbursible 
project cost. If a rule is now made that recoverable 
parc of enhanced value of lands may be reduced to say 
3th or ith so that the amount tallies with re-imbursible 
cost of project, we will create examples of differential 
treatment at every step. The only fair solution of the 
problem is that Govt. should through a system of 
‘Co-operative Irrigation’ claim a uniform share of 
enhanced values of lands benefited whether located in 
one part of the State or the other. The receipts will be 
credited to the aforesaid revolving fund from which 
payments will be made to pay off the Project Loans. 
This equal taxation on equal benefits can be only 
varied by the assessee’s ability to pay. A ae 
concession could be shown in case of fresh areas. This 
deficiency to the State could be made up by a caidas 
on old area where water allownces are increased on 
existing irrigation systems. 


A Warning 

Any mutual adjustment between the two conten- 
ding political parties on the solution of a technical 
problem will never do. It may ease off the present 
situation but will sow seeds for a future trouble. A 
reduction of re-imbursible costs by  capitalising 
evenue will only result in the present Government 
passing a dreadful legacy to their succsssors or if may 
lead to heavy taxation on non-beneficiaries. Govt. 
should also know that they have to collect thes costs 
by reasonable means as they can command the waves 
of public opinion no better than King Cannute who 
thought he could command s2a waves. °A solution on 
scientific basis alone will stand the test of time and be 
in the real interest of the country. Engineers will not 
fail to win public confidence as they can invite during 
their deliberations representatives of various interests. 
They will enlighten engineers with public requirements 
and be enlightened in return with technical aspects 
of the case. Working in unision they will march ahead. 
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Development of Water Lifting Devices 





This topic was suggested by Prof. Dr. Ing-P. Franke, 
Unesco Expert as a contribution to the Seminar of the 
Post-Graduate class of Hydraulics and Dam Construc- 
tion at the College of Engineering Poona. It gives a 
brief review of the development of water lifting arrange- 
ments from ancient times to the modern times i.e. from 
Archimedean screw upto the big pumps of today. 


The necessity of lifting water to a higher level from 
its natural one for various purposes is from times 
immemorial. The man might have felt the need since 
his existence. The first instance might have occured 
when he wanted to drink water. When man _ was 
augmenting his food by way of grains he required water 
in larger amounts. Naturally in primitive stages the 
water was to be lifted with human labour. As years 
passed animal power was also used and other methods 
were developed. 


India practised waterlifting since ancient times as 
can be seen from the writings of the Sanskrit Gram- 
marian Panini. He described wells for irrigation pur- 
poses. Still ancient proofs in writings of different 
authors are available.” Inscriptions in South India are 
about the orders—who should take water from the 
irrigation system then existing; and who are prohibited 
to take water.* 


In the history of water lifting the first mechanism 
was devised by Archimedes (287-212 B.C.). He inven- 
ted the screw for removing water from the hold of a 
large ship built by his King Hiero IT of Syracuse.'5 


In the attempts for lifting water for fire fighting 
since about 200 B.C. Hiero of Allexandria had cons- 
tructed a first fire fighting engine with metallic pistons 
about 150 B.C.5 


The chain and bucket pump or popularly called as 
Persian wheel or Sakiah (Saquiah) was probably first 
used in China in the form of an inclined trough, in 
which moved the buckets attached to a continuous 
chain, '* 


In the Greek School at Alexandria attempts were 
made to construct hydraulic machinery in about 120 
B.C. The fountain of compression, the syphon and 
the force pump were applied by Ctesibius and Hero. 
It was probably the Persian wheel or Sakiah that 
suggested to him the idea of pump. 


Levers of different kinds were in vogue in different 
parts of the World; and are still being used for low 
lifts. They are called as Lat or Denkli. In Egypt it is 
called as Schaduf and a series of Schadufs were used 
to lift water to greater heights.® 


_ 


* South Indian Inscriptions Vol. III plate III pp. 437 


By V. M. DESHPANDE 


Scoop wheels are known from very old times. In 
Germany for example they were known since about 
1250 A.D. They are just like water wheels; but the 
purpose is different (fig. 1). Oldest description on the 
river Regnitz in North Bavaria near Erlangen is noted 
since 1429 A.D. 





Fig. 1. Scoop wheel near Erlangen (Bavaria) 
on River Regnitz. . 


An increase in quantity of water by lifting mechani- 
sms was due to device of the steam engine(1769) as 
bigger power was available than with the previous 
methods. 


Compared to all other lifting methods the centrifugal 
pump is of recent origin. The first crude form devised 
by Ledemour in 1730 A.D. consisted of an inclined tube 
attached by arms to a vertical shaft, the lower end of 
the tube being immersed in water and from the upper 
end of the tube water flowed out as the shaft was 
rotated. However in about 1851 the centrifugal pump, 
which attracted the attention, made by Appold came 
into use.3 


The principles of Hydraulic ram were recognised by 
Whitehurst in 1772; but the credit of perfecting it is 
due to Montgolfier who constructed a perfect and self- 
acting ram in 1796. 


Different Devices 
Different devices of lifting water may be noted as 
under : 
(1) Archimedean screw. 
(2) Persian wheel or Sakiah (Saquiah). 
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(3) Basket. 
(4) Rati or Pulley. 
(5) Denkli or Lat or Lever or Schaduf. 
(6) Doon. 
(7) Scoop wheel. 
(8) Mote or Churus or Leather bag or steel mote. 
(9) Hydraulic ram. 
(10) Pumps. 


(a) Chain pumps. 

(b) Lift and force pumps. 

(c) Windmills and pumps. 

(2d) Centrifugal pumps. 

(e) Deep well turbine pumps. 
(f) Helical or Rotary pumps. 
(g) Air lift pumps. 

(h) Jet pumps. 

(j) Good Year pumps. 


Out of the above types there are pulley, lever and 
doon operated by manual labour and are used for 
low lifts as for small irrigation, drinking water etc. 


Archimedean Screw 

Named after the Greek scientist, this device consists 
of a helicoid screw fitted within a cylinder, which is so 
inclined that its lower end dips in the water to be lifted. 
As the screw is rotated water takes the helical path and 
is discharged at the upper end, However this is useful 
for low lifts only. The experiments by H. Addision 
and A. C. Donaldson demonstrated that the discharge 
through the screw rapidly falls down with the increase 
in its inclination under constant speed and uniform lift. 
Immersion of the lower end has also great effect. on the 
discharge and efficiency. Maximum discharge occurs 
when 77°, of the screw is immersed in the water 
(fig. 2) 3 13 
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FIG 2 


Tht ARCALIMENEAN SCREW 





Persian Wheel 

It consists of a large wooden framed wheel fixed 
in a vertical position over the well from which water 
is to be lifted. On the same horizontal axis is fixed 
another smaller vertical wheel at about 3 to 5 meters 
from the. well. This small wheel gears with another 
horizontal wheel at its top. A horizontal wooden beam 
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is fixed to the vertical axis which also acts as a yoke 
for bullocks. 


Round the big bertical wheel runs a continuous 
rope to which are tied earthen pots. As the wheels 
are rotated the vessels in turn come up and discharge in 
a trough (fig. 3). This is called Hurlo in Sind (West 
Pakistan). 





S1G.3 PERSIAN WHEEL OR SAKIAH 





Another type of bucket pump similar to the Persian 
wheel is still in vogue as shown in (fig. 4)."! 
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Basket 

It has four ropes attached to it and generally it 
is worked out by two men. The men dip the baskct 
in the water at low level and by lifting it throw in the 
field channel. The basket can be worked with one 
man also if the ropes on one side are fixed to a post or a 
tripod.'° 


Rati or Pulley 


It consists of a pulley mounted on a horizontal 
axis fixed on two wooden brackets resting on two stones 





28 


called Muktistones projecting inside the well from the 
parapet. A bucket is tied to the one end of rope and 
passes over the pulley and the other end is in the hands 
of the man who bails out water by pulling the rope 
(fig. 5). 
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Denkli, Lat, Lever or Schaduf 


It consists of a lever rod rocking over a firmly fixed 
vertical post buried near the well or river. At one end 
of lever, which is overhanging the well, is tied a rope 
with a bucket at the end. At the other end of the lever 
is fixed a counterweight. Hence always the empty 
bucket is at the top of the well. When it is required to 
draw water, a man stands near the well and pulls the 
rope down till the bucket dips into the water and gets 
filled. Leaving the rope, the bucket comes up by the 
action of the counterweight. (fig. 6) 
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In Madras state a trunk of a palm tree is used as 
a lever on which about one to three men with bamboos 
in their hands like acrobats walk from one end to 
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other. When they are at the bucket end the bucket 
will dip in water and when they reach the other end 
the bucket will be lifted and a man standing of the top 
of the well will empty it on the field channel. 


Series of Schadufs were used to lift water to great- 
er heights. Water from natural source was discharged 
in a pool by the used of one schaduf. From this pool 
by using a second schaduf the water was lifted to a 
still greater height. (fig. 7) 














Doon 


This device is used for very low lifts of about 1 to 
2m. It is a semi-circular wooden chute with one end 
blind and other end open and rocking on a horizontal 
support. The blind end is tied to an overhead lever 
rocking on a fulerum. At the other end of the lever is 
attached a counterweight. Irrigator stands on a 
platform and forces the blind end till it is dipping in 
the water and then releases slowly so by the action of 
the counterweigt the water is discharyed in the field- 
channel. (fig. 8)® 
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Scoop wheel 


Tt is an adaptation of the paddle wheels used on 
river steamers. The paddles push water up a curved 
trough filling them closely. It moves the water so 
greatly that its efficiency is independant of the lift. 
It lifts water to about 2 meters with an efficiency 
of 60%. 


Mote, Churus, Leather Bag or Steel Mote 


Mote is a leather bag with one end and one small 
end, both being open. The small end is called the 
discharging end. One rope is tied to open end and 
passes over a pulley, fixed on an overhanging bracket 
and is tied to the yoke of the bullocks which pull the 
mote. Another rope is tied to the discharging end 
and passes over another pulley at the bottom of the 
brecket and is also tied to the yoke of the builocks. 


Bullocks move on the ramp prepared from the 
top of the parapet wall sloping downwards. When the 
bullocks are at the top of the ramp the mote just dips 
in water and when they are at the down end the mote 
comes up and discharges water in the field channel. 
When the bullocks are in the intermediate position the 
ends of the mote remain in vertical position so as to 
retain water. (fig. 9)4 
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In majority of the Bombay and Karnatak states 
steel motes having a one wazy valve at the bottom 
and opening only upwards are used. In principle, 
however, they are similar to leather motes. 


Hydraulic Ram 


This is an automatic device by means of which a 
large quantity of water falling through small head is 
utilised to lift small quantity of water through a 
higher head, The factor of efficiency is naturally 
very small. (fig. 9A)? 


Ai& vessks 











FIG SAMY ORAV LIC RAM. 





‘(O1GRAMATIC SKETCH) 


Pumps 


(a) Chain Pump 

This pump is devised to lift water from shallow 
wells. This consists of two toothed drums one at the 
top of the well andthe other at the bottom below the 
water level over which passes an endless chain. The 
drums are closed in an cylindrical casing, which is 
partitioned into two compartments, one being a nar- 
row and touching the inside of casing. At the top of 
the narrow cylinderisaspout from which lifted water 
flows out. A number of washers called rubber bandsor 
floats are fixed to this chain at intervals. While com- 
ing up these bands remain horizontal and _ vertical 
while going down. When the pump is rotated the 
floats go in turn to water and come up in a horizontal 
position lifting water and discharging it through the 
spout. (fig. 10) 
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(6) Lift and Force Pump 


The principle on which force pump acts is well 
known. It is proposed here to give different types of 
lift and force pumps whch are in vouge. 


(i) Lift pump: It is used for household water 
supply from a well. The lift of this pump is only limi- 
ted to about 9m which is only a suction head. This is 
either a lever operated or a wheel operated one. 


(ii) Lift and force pumps semi-rotary type: It is 
used for household purposes but the lift is greater than 
9m but suction is limited to 9 m as before. This type 
of pump can lift water upto 25 m. 


(iii) Lift and force pumps semi-rotary double acting : 
These are used for small irrigation and household 
purposes. The total lift is about 35m. with suction 
limited to 9 m. 


(c) Wild Mills and Pumps 


Water can be lifted with the use of the wind energy 
cheaply. Windmills were very popular when the 
generation of electricity was not cheap. Thye are still 
in vouge in Holland. The main disadvantages of the 
windmill are the comparative big initial cost and 
moreover it often goes out of order. Hence irrespective 
of the cheapness and its capacity of lifting it is not 
used now-a-days. 


(d) Centrifugal Pumps 


Single stage : Due to rotation, centrifugal head is 
impressed on water and hence water can be lifted to 
any height greater than the atmospheric head. Making 
use of this principle pumps are constructed and with 
single stage about 40 m. of head can be impressed 
including suction lift. 


Multistage: Combining two or more pumps a single 
multi stage pump is constructed and it impresses more 
head on water. From this multistage pump centrifu- 
gal heads upto 130 m. can be impressed. 


(e) Deepwell Turbine Pumps 


The main defect of all the centrifugal is the limited 
suction lift of about 9 m. and hence the turbine pumps 
are devised. Due to their greater suction lift they are 
much popular. 


(f) Helical or Rotary Pumps 


Tt consists of a helical screw which rotates within a 
helical resilient rubber stator. The rotor has one 


screw while the stator has two. The effect is that of 
the positive displacement pump. As the Prime Mover 
turns the rotor at about 1750 r. p.m. the rotor rolls 
within the stator squeezing water upward in space. 
The rolling action is continuous giving a continuous 


flow, (fig. 11)." 
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The rotor is usually of chrome plated stainless steel 
and the stator of cutless rubber and hence the pump 
has high resistance to wear and tear from pumping 
gritty material. 

It is self-priming and depends on the water as a 
lubricant." 


(g) Air lift Pumps 

The introduction of compressed air has facilitated 
lifting of water from deep wells. The device consists of 
a long air pipe, which is introduced at the bottom in a 
long pipe called the eduction pipe, which lifts water. 
As compressed air is allowed in the air pipe which is 
issued in the water at the bottom and makes the den- 
sity of water less than unity and hence it rises in the 
pipe and is discharged through outlet pipe. (fig. 12) 
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The advantage of this air lift pump is that it can 
handle water of any quality and even containing 
debris. (+) 


(h) Jet Pumps 

If water is issued at a high velocity in a Venturi 
contraction, then it causes a reduction in pressure. 
Making use of this principle jet pumps are contructed. 
It consists of a long pipe with a Venturi constraction 
at the dipping end into which another pipe with a 
nozzle at the end is introduced. When water is forced 
through the nozzle, water from the well is lifted due 
to reduction in pressure. The lifted water partly goes 
as discharge and partly circulates through the system 
(fig. 13) j 
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(j) Good Year Pump 


A new invention by a Cornishman Mr. James W. 
Good Year with the principle of 2300 year old Archi- 
medean screw is the Goodyear pump made by the Good 
Year Pumps Limited of Canbore. The first test was 
taken on 22nd January 1958. The pump delivers 
against heads of 16 to 65 m. It is a continuous, self- 
priming, self-lubricating and axial flow type pump. 
The Stator of the pump is made of rubber and the only 
moving part is the rotor and the plate wheel engaged 
with the rotor. The symmetry of design allows the 
direction of rotation to be reversed. 


Conclusion 
A brief review of the development of. the methods 
of lifting water is intended in this article and not the 
detailed theory and design of each of the device. In 
the following table comparison of all the devices is 
given. 











Table 
Kind of Lift Lift Discharge Efficiency 
m lit/sec. % 

1. Archimedean Screw 2 1.5-3.0 

2. Persian Wheel 7 15-2 

o. Basket 1 2.0-4.0 

4. Rati or Pulley 6 0.5-2.0 

5. Denkli or Lever 5 0.5-2.0 

6. Doon 2 1.5-3.0 

7. Scoop wheel 2 1,0-2.0 60 

8. Mote’ 18 2.0-3,0 

9. Hydraulic ram 35 25 
10. Chain Pump 5 0.5-1,0 25 
11. Lift and force Pump 30 upto 7,0 
12. Windmill and pump 120 1.0-10,0 30 
13. Centrifugal Pump 120 upto 400,0 2 
14, Deep well turbine pump 50 »» 200,0 60 
15. Helical Pump 50 i 4,0 40 
16. Air lift Pump 150 a 4,0 60 
17, Jet Pump 50 = 4,0 20 
18. Good Year Pump 60 o 225 
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Technical Notes & News 


Symposium on 


The Symposium on _ Heat 
Transfer to commemorate the 
Golden Jubilee of the Indian 
Institute of Science will be held on 
November 27th and 28th, in Power 
Engineering Building, Indian 
Institute of Science. A provisional 
list of papers to be presented at 
the Symposium is given below : 


List of Papers 
1. “Some Remarks on the Model 
for the ‘Heat Equation” 
by H. E. Hoelscher. 
2. “Conduction of Heat in Finite 
Solids” 
by 8. C. Jain and N. R. 
Subramanian 
3. “Direct Electric Analogue 
Technique and their accuracy 
in solving Two-dimensional 
Heat Conduction Problems” 
by B. L. Maheswati 
4. “The Shell-side Characteris- 
stics of Shell and Tube Heat 
Exchangers”’ 
by Olaf. P. Bergelin 
5. “Effect of Core Shapes on the 
Flow of Jets from Unit Heater 
Outlets” 
by N.S. Attri 
6. “Heat Transfer in Packed 
Beds”’ 
by N. K. Raghavan and 
G. 8S. Laddha 
“Heat Transfer to Air Flow- 
ing with a Pulsating Motion 
in a Heated Pipe” 
by U. V. Singh, K. Mahade- 
van and H. A. Havemann 


=~ 


Heat Transfer 


8. “Effect of Vapor Agitation on 
Heat Transfer from a wire 
submerged in water” 

by K. Srinivasan and A. 
Ramachandran 


9. “The Heat Transfer Coefficient 
for Turbulent Flow in a 
pipe” 


by A. J. Ede 


10. “Heat Transfer in a Laminar 
Boundary Layer with cons- 
tant fluid properties, and cons- 
tant wall temperature for a 
ranze of fluid Prandtl num- 


bers” 
by A. G. Smith and V. L. 
Shah 


11. “Comparison of Calculation 
methods for Laminar Heat 
Transfer” 
by D. B. Spalding and 
R. Muralidharan 


12. “The Spontaneous Ignition of 
Liquid Fuel Droplets” 
by Valentine G. DeSa 


13. ‘Flame Speeds in Oscillating 
Gases in a tube” 
by K. Krishna Prasad, K. 
Mahadevan and H. A. Have- 
mann 


14. “Superheat Properties of 
Liquids” 


by D. B. Sinha 


15. “Some Aspects of Design of 
Slag-tap Furnaces for Steam 
Generation” 

by S. N. Pnushilal 


Major Break-Through in Automatic 
Machine Tool Control claimed by 
British Manufacturer 


After eighteen months of in- 
tensive development and_ field 
research, Ferranti Limited have 
developed two new economically 
priced machine tool control sys- 
tems acceptable to the small as 


well as the large engineering com- 
pany. 

It is claimed that these new 
systems represent major break- 
through in automatic control 
equipment for machine tools. 


Their simplicity of design, ease 
of maintenance and reliability will 
contribute to higher productivity 
in the engineering industry gene- 
rally, while their capital cost will 
place them within the reach of 
even the smallest engineering 
company. 


Both systems was shown for 
the first time at the Sixth Euro- 
pean Machine Tool Exhibition to be 
held in Paris in September. 


The systems are: 

(1) Transister hydraulic conti- 
nuous machine tool control 
equipment. 

(2) Numerical positional machine 
tool control equipment. 


The continuous control system 
operates from normal electricity 
mains which eliminates the use of 
frequency converters used in the 
former Ferranti system. It is 
fully transistorized, incorporates 
hydraulic servo mechanisms and 
and a simplified electro-optical 
measuring system. Maximum ma- 
chining time of the new system, 
compared with the old, has been 
increased from 4) minutes to 160 
minutes because four times as 
much information can now bg 
stored on magnetic tapes. 


The electrical servo motors on 
the original Ferranti system are 
now replaced by hydraulic piston 
motors, controlled by electro hy- 
draulic valves, resulting in an 
increase in the overall structure 
stiffness of the machine transmis- 
sion, and peak output of the servo 
motors has been increased from 
.7. b. h. p. to 3 b. h. p. Simplified 
transistor circuitry for each axis 
of the machine tool is contained in 
the control console in thre> easily 
replacerble or interchangeable 
trays, thereby simplifying main- 
tenance in the field. Modifications 
have also been mad2 to the 
electro-optical measuring system 
which has resulted in a cheaper 
yet equally accurate system. 
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The price of the new system 
ranges from £7,000 to £12,000 
depending on the size and com- 
plexity of the machine tool being 
controlled, which represents a 
capital cost reduction of at least 
25 per cent, on any range or ap- 
plication of the previous Ferranti 
system, and in some instances up 
to a 50 per cent reduction. 


The numerical positional machine 
tool control system is an entirely 
new equipment-designed for rapid 
point-to-point positioning of ma- 
chine tools and allied equipment in 
Cartesian or polar co-ordinates. 
This system does not require the 
use of a computer 2s information is 
presented to the control console 
in the form of punched paper tape 
which can be prepared by the 
machine tool operator or, alterna- 
tively, incremental movement can 
be accomplished by direct dial 
setting without using tape. 


Measurement of position is by 
means of the Ferranti Diffraction 
Grating Measuring System fitted 
to the machine tool slides or tables. 
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The electronic control equipment 
is designed around semi-conduc- 
tors, and as with aj] Ferranti 
machine tool control equipment, is 
completely error-checked and fail- 
safe. 


A new tape reader has been 
developed for the information 
input. Standard 5/8” wide punch- 
ed tape is used, but jnstead of the 
usual system of sequential reading 
of single characters, a whole block 
of information is read at a single 
position. This minimizes the time 
taken to transfer the co-ordinates 
into the control sygtem and obvi- 
ates the need for additional infor- 
mation storage. 


Ferranti claim that this co-ordi- 
nate positioning ggntrol system, 
with feedback checkjng and moni- 
toring from electro-qptical measur- 
ing scales, will be applied to a 
wide range of machine tools because 
it can be offered at a price of 
between £2,000 to £3,000, which is 
normally associated with position- 
ing controls without the feedback 
or self-checking facilities. 


Largest Urea Fertilizer Plant to be 
built in India 


Messrs. ANSALDO S. A. of 
the Finmeccanica Group of lead- 
ing Italian Shipbuilders, Enginer- 
ing and Electrical Companies, 
have signed in Madras the contract 
of agreement with the State-own- 
ed Neyveli Lignite Corporation for 
the supply and erection of a plant 
for the production of Urea, one of 
the most effective nitrogenous 
fertilizers, utilising the lignite 
extracted from the Neyveli mines. 


The new plant yielding a daily 
production of 500 tons of urea 
fertilizer, which is to be considered 
as the biggest production given 
by a single plant in the World, 
will give a yearly normal produc- 
tion of 152,000 tons with 2 content 
of 46% of nitrogen. 


The plant has been planned and 
designed by another Italian firm, 
Messrs. Montecatini, one of the 
biggest worldwide chemical and 
mining concerns, according to their 
patented processes. 


Messrs. Ansaldo will supply, 
erect and put into operation the 
plant, consisting in five main 
sections i. e. Ammonia Synthesis 
Plant, Urea Synthesis plant, Steam 
Power Station, Electrical Equip- 
ment for the total project and 
chemical laboratories, bagging 
station, water and steam connec- 
tions. 


The total cost of the contract is 
about 13.5 billion Italian lire, 
payable for the 80°, on deferred 
terms of payment. 


The same day, the Neyveli 
Lignite Corporation has entered 
into a joint contract with the 
German firms, Messrs. Pintsch 
Bamag and Messrs. Linde, which 
will supply the gassification, con- 
version and fractionation plants 
aimed to transform the lignite 
components into gas to be utilised 
for the production of ammonia 
and finally urea by the Ansaldo’s 
plant. 
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The price for this second con- 
tract is nearly 17 million dollars, 
payable in D. M. 


Messrs. Ansaldo and Monteca- 
tini, as well as the German firms, 
will also provide for the training 
of the technical staff of the Neyveli 
Lignite Corporation in Europe 
and in India. 


The plant will be completely 
erected by 1962 and will enter into 
full production by 1963. 


The cost of the complete pro- 
ject, including civil works, will 
amount to nearly Rs. 25 crores. 


Messrs. Ansaldo and Messrs. 
Montecatini have already sup- 
plied on turnkey basis another 
fertilizer plant producing urea and 
doublesalt (ammonium nitrate- 
sulphate) to Sindri Fertilizers 
and Chemicals Ltd., which has 
been succossfully commissioned in 
the past months and preseatly 
under normal production. 


Khatima Project 
Turbines 


Mr. E. C. Fox, General Manager 
of the English Electric Company, 
in a statement issued after he 
had met the U.P. Chief Minister, 
Dr. Sampurnanand, said abrasive 
sand in the Sarda canal water was 
responsible for the wearing out of 
runner blades of turbines erected 
under the Khatima Power 
Project. 


He was referring to the reported 
conclusion of the Shiveshwarkar 
Committee that the contract for 
manufacturing and __ installing 
power plants should not have been 
given to the English Electric Com- 
pany on account of its unsatis- 
factory performance at the Khati- 
ma project. 


Mr. Fox said, “Neither the 
original specification _ calling 
tenders for manufacturing a 
generating plant for the Khatima 
project, nor the contract document 
recorded that water in the Sarda 
canal contains very large quan- 
tities of sharp abrasive sand, sus- 
pended in water. 
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“The contract document states 
that, during the siltiest period, the 
total amount of silt which flows 
through each turbine at full load 
in 24 hours is 100,000 tons. A re- 
port made by the U.P. Govern- 
ment analyst has shown that, this 
silt may contain 73 per cent. of 
sharp cutting sand. In spite of the 
flooding of the power station twice, 
the plant was originally put into 
service in 1955 and the presence of 
sharp sand in water was discovered. 
This sand seriously affected shaft 
seals, together with guide and 
shutter vane spindle seals which 
were naturally not designed to con- 
tend with this condition. 


“Immediate modifications were 
taken in hand and |completed, 
without cost to the U. P. Govern- 
ment, by the English Electric 
Company; the plant was recom- 
missioned in March 1956 and the 
power station officially opened in 
April 1956. 


“Since then the power station 
has met all the demands made on 
it for power and the plant has 
operated very well indeed. Natu- 
rally the presence of such large 
quantities of abrasive sand is 
causing the runner blade to wear 
and is resulting in more frequent 
maintenance being needed _ to 
discharge the regulators than would 
otherwise be necessary. The Eng- 
lich Electric Company at its own 
expense, asa gesture of good will 


Steel Factory 


The £13M expansion project of 
John Lysaght’s Sounthorpe 
Works, planned ia 1956 and begun 
in 1957, is now nearing comple- 
tion. 


As well as covering the installa- 
tion of a new sinter plant, new 
blast furnace, coke ovens and a 
ccmplete new by-product plant, 
the scheme 2lso makes provision 
for extensive development of 
electrical supplies. 


The present maximum demand 
of the works is about 20 MW. but 
this will increase to 28 MW by 
1960 when the scheme is to be 
completed; in order to accommo- 
date this increase in load the exis- 


to the U. P. Government, fully 
repaired all the runners last year 
and has consistently helped the 
power station staff. 


“Runners are constructed of 
very toughsteel which is eminently 
suited to withstand the action of 
abrasive silt and it is interesting 
to note that silt of this type has in 
other parts of the world caused 
runners to wear out and require 
replacement after only a few years 
in service. The repair of a runner 
is, therefore, quite a normal 
maintenance requirement under 
these conditions. 


Mr. Fox gave what he stated as 
his “‘pure guess” of the amount of 
power the Khatima station might 
have generated since March, 1956. 
He estimated this to be 100 milli- 
on killowatt hours. If this power 
house could work on normal 
commercial load, if might have 
generated 350 million killowatt 
hours. 


Mr. Fox defended the contract 
for machinery to be installed at 
the Rihand Dam site to his firm 
on the ground that it had been 
given after the U. P. Government’s 
engineers and their colleagues on 
the Central Water and Power 
Commission had held his firm’s 
bid to be the best. 


The contract was given in June 
1956. 


Electrification 


ting works 3.3kV distribution sys- 
tem is being reinforced by an 11kV 
system. The Y. E. B. 33 kV 
supply is switched in the works 
and transformed to the distribu- 
tion voltages at three points. 
The peak demand on this supply 
is about 10 MW, the remainder 
of the load being met by Lysaght’s 
generating plant which consists 
of three 2.5 MW and two 5 MW 
turbo-a'ternators. An important 
part of the expansion scheme 
provides for the replacement of the 
three 2.5 MW alternators by two 
12 MW units. 


Allswitchgear for the 11 kV sys- 
tem has been made and _ installed 


by Cooke & Ferguson Limited, 


a member company of the 
Crompton Parkinson Group. 


The main 11 kV, 16-unit switch- 
board is located in the Lysaght 
power house building and is of 
the duplicate busbar type equip- 
ped with translay protection on all 
transformer units. The switches 
controlling the incoming supply 
from the Y. E. B. are equipped 
with directional evercurrent pro- 
tection, set for power flow away 
from the 11 kV bars. 


Fire prevention walls divide the 
Board into two sections, one of 
seven units and the other of eight 
units, with a bus section circuit 
breaker linking the two sections 
through the walls. 


Ultimately, the switchboard will 
control duplicate feeders to the 
coke ovens, sinter plant and 3.3 kV 
system, together with connections 
to the four alternators and a 
feeder to a cooling-water pump 
house on the nearby river Trent. 
A bus coupler is provided for each 
section of the switchboard and 
provision is made for further ex- 
tensions when required. 


An outstanding feature of the 
electrical work is the new power 
station control room which is 
positioned to give a clear view of 
theturbine floor. The scheme of 
decoration is carried out principal- 
ly in Eau-de-Nil and the room is 
lit by a suspended illuminated 
ceiling in which emergency light- 
ing arrangements from the station 
110 volt battery are incorporated. 
All the instruments, many of them 
supplied by Crompton Parkin- 
son, are flush-mounted within the 
mimic diagram which forms the 
control room wall; the diagram 
incorporates combined control and 
indication switches, the indication 
being of the flashing discrepancy 
type. 


In the centre of the room is a 
6-unit Cooke & Ferguson control 
desk for the four turbo-alternators 
and the two 33/11 kV_ transfor- 
mers. The synchronising scheme 
involves the usual interlocking 
features and was developed speci- 
fically to suit Lysaght’s require- 
ments. Two desks are provided 
for the control room staff, te 
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desk for the control engineer in- 
cluding an illuminated annuncia- 
tory alarm system. 


As a result of the expansion 


scheme, John Lysaght’s Sounthorpe 
Works will be in a position to 
produce 800,000 tons of steel 
annually about 3% of the national 
steel output. 


Development Council Members 
visit Kirloskars 





Members of the Development Council for Heavy Electrical 


Industries, Ministry of Industries and Commerce, Government of 
India, who held a meeting on the 11th and 12th June at the Kirlos- 
kar Electric Co. Ltd., Bangalore, are seen here inspecting a 500 
H. P. 1500 rpm motor manufactured by KEC. 


Picture from left to right shows— 


Sri K. N. Ramaswamy, Dy. Development Officer (G & E), 
Sri 8. T. Thadani, Dy. Director General (S), Sri N. W. Gurjar, 
General Manager, Kirloskar Electric Co. Ltd., Dr. B.D. Kalelkar 
Industrial Adviser (Eng.), Ministry of Commerce and Industry, Sri 
K.N. Shenoy, Dy. Secretary, Ministry of Commerce and Industry, 
Sri S. Sarangapani, Heavy Electricals (P) Ltd., Bhopal, and Sri 
Ravi L. Kirloskar, Dy. General Manager, Kirloskar Electric Co. 
Ltd. 


World’s Largest Tyre 


The largest tyre in the world 
was built recently by the Goodyear 
Tyre and Rubber Company, Ak- 
ron, Ohio, U. S. A. 


The two-ton tyre stands 10 feet 
high, four feet wide and sells for 
$14,000. 


When equipped with its rim, 
also built by Goodyear and also 





the world’s largest in its field, total 
weight goes to three tons. 


It was built on a sprawling, 
electronically-operated machine 
that covers 4,500 square feet of 
floor space. The tyre building 
machine and the 60-ton mould 
used to vulcanize the record-break- 
ing tyre cost more than $250,000 








World’s Largest Tyre 


Enough rubber was used in this 
one tyre to produce 320 passen- 
ger car tyres. Over 7,000 pairs of 
ladies’ nylon hose could have been 
made from the tyre cord used. 


Size designation for the tyre is 
44.5-45. This means the distsnce 
from sidewall to sidewall is 44 and 
one-half inches and bead diameter 
is 45 inches. This year’s Plymouth, 
Ford and Chevrolet cars are being 
equipped with 7.50-14 tyres. 


The tyre is a research model for 
a planned line of earthmover and 
special-purpose tyres for huge 
construction machines and other 
vehicles still in design stages. 


Earthmoving vehicles, rubber- 
tyres bulldozers and huge scra- 
pers used to build major construc- 
tion projects need large tyres 
with low-pressure and high flota- 
tion to prevent bogging in soft 
earth. 


Vehicles equipped with Good- 
year’s new 44.5-45 tyres at 32 
ply rating will be able to carry 
more than 30 tons at 30 miles 
per hour with 35 pounds of air 
pressure. Load capacity for the 
same tyre with a 50 ply rating will 
increase payload to more than 40 
tons at better than 50 miles per 
hour. This is more than twice the 
carrying capacity of 33.5-33 tyres, 
the largest earthmover tyres now 
in general use. 





Our Contributors 


M. K. Gopaliengar is 
Director (Power) in the 
Planning Commission, 
Government of India, since 
February, 1958. He had ex- 
perience of over 24 years in 
the field of Electrical Engi- 
neering. After a distingui- 
shed academic career in the 
University of Mysore and 
the Indian Institute of 
Science, he was with the 
Madras Electrical Depart- 
ment for a few years and 
joined the Central Technical Power Board, Government 
of India, now merged with the Central Water & Power 
Commission in 1945. He toured U. 8. A. under a 
U. N. Fellowship, studying design and operation of 
hydro-electric systems for about five months. On 
return, early in 1952 he was posted to the Hirakud 
Dam Project where he worked for five years, mostly 
as Executive Engineer, Power House Division and 
later for a brief spell as Superintending Engineer, 
Transmission Circle. His early interest in theoretical 
physics resulted in the publication of his paper “The 
New Statistics and Electro Statics” in the Indian 
Journal of Physics Vol. VII; Part VI (1933). His 
article on “Hirakud Transmission System” was 
published in the Indian Journal of Power & River 
Valley Development, Hirakud Dam Project Special, 


1957. 





Dr.Ing. P.G. Franke. Privat- 
dozent and Chief Engineer 
of the Hydraulic Labora- 
tory of the Technische Hoc- 
chshule Munchen (Techni- 
cal University Munich). 
Formerly Visiting Professor 
at the College of Engineer- 
ing, Poona University and 
UNESCO Expert. He has 
contributed to our Journal 
on several occasions. 





C. 8. Parthasarathy is 
Assistant Chief (Irrigation) 
in the Natural Resources 
Division of the Planning 
Commission. He is a fre- 
quent contributor to our 
Journal. 





Bireswar Banerjee aged 28, 
entered Presidency College, 
Calcutta, graduated with Hon- 
ours in Geography in 1949; 
took his M. A. in Geography 
in 1951 from the University 
of Calcutta standing first in 
Class I, University Gold Meda- 
list ; selected research scholar 
of the Govt. of West Bengal 
(1952-54) and India (1954-57) ; 
submitted his dissertation for 
D. Litt on an econo-geographical topic—Agriculture 
in West Bengal: a Geographical Analysis ; carried 
out much exploratory works of his own ; especially 
in the glacial regions of the Himalayas; acquired 
specialised knowledge in cartography, mapping, 
and other applied branches of Geography including 
Regional Planning; was National Research Fellow in 
Geography (Govt. of India) to carry on post-graduate 
research. At present teaching in X’ vier College Calcutta. 
Publications include various articles appearing in the 
scientific journals of India and U. S. A. (Economic 
Botany etc.). 





H.L. Sally After graduat- 
ing from the Punjab Univer- 
sity in 1922, he qualified as 
a Civil Engineer from 
Thomason College, Roorkee, 
obtaining a Higher Certifi- 
_ cate. He gained considerable 
construction experience du- 
ring his 32 years service in 
Punjab by working on Sut- 
lej Valley, Haveli and Thal 
Projects. He was respon- 
sible for construction of the 
Indus Barrage at Kalabagh 
and later Khushab Branch of the Thal Project. He 
has had considerable experience on Operation and 
Maintenance ‘of Canals and reconditioned the 
Suleimanki Headworks after serious damage by floods. 
For over four years he was attached to the Punjab 
Secretariat and later retired as Superintending 
Engineer, Inspection Circle, Punjab. 


V. M. Deshpande took the 
degree of B. E. (Civil) of 
the University of Poona in 
1955 through the New En- 
gineering College Sangli 
(now Walchand College of 
' Engineering). 





Served for three years in 
Bombay P. W. D. for prac- 
tical experience. Presently 
employed in the College of 
Engineering Poona. Also 
studied for M. Se. (Eng) 
under the UNESCO-Expert 
Dr. Ing. P. Franke. 








Editorial 





Earthmoving Operations Conference 


The United Nations Bureau of Economic Affairs 
and the Economic Commission for Asia and the Far 
East sponsored a Working Party on Earthmoving 
Operations in New Delhi from 7 to 14 September. 
Aimed at examining the problems of earthmoving 
operations on large projects in the ECAPE countries, 
the Working Party discussed Earthmoving by Manual 
Labour, Trends towards Mechanisation, Earthmoving 
by Mechanical Means, Factors Affecting Manual and 
Mechanised Earthmoving Operations and Combination 
of both, and General Economic Considerations affect- 
ing Choice of Techniques in Earthmoving Operations. 
About 20 delegates from Australia, China (Taiwan), 
France, Iran, Japan, North Borneo, Republic of 
Viet Nam, Pakistan, Philippines, United Kingdom 
and U.S. 8. R. attended the meetings of the Working 
Party. 

The Working Party in Delhi is a sequel to the Third 
Regional Technical Conference of the ECAFE at 
Manila in 1957 which held preliminary discussions on 
problems of earthmoving operations in Asia and the 
Far East. 


The following were the conclusions arrived at by the 
Working Party on Earthmoving Operations. 


In those ECAFE Region countries where there is a 
general abundance of labour and a high rate of 
increase in population, and mechanization is limited, 
manual labour should be employed to as large an 
extent as possible. Participation of labour of the loca- 
lity will help the workers to acquire a feeling of being 
beneficiaries of the project. 

There are a large numbe~ of different implements 
being used by manual labour in the Region. It is 
recognized that the efficiency of manual labour can 
be increased by proper choice and application of 
implements. To determine these, experimental or 
pilot projects under varying conditions should be 
undertaken for work study in earthmoving operations, 
on projects where manual labour is extensively 
employed. These projects should deal with :— 


(a) Selection of right type of implements for earth- 
work by manual labour to suit physical condi- 
tion of labourers for different leads and lifts and 
jog conditions taking into account the experience 
gained by different countries. For this purpose 
it may be necessary to set up experimental sta- 
tions for different conditions. The ECAFE and 
the I.L.0 would offer necessary assistance. 


(b) Time study of different operations of manual 
earthwork. A good deal of time and money is 
often wasted for lack of planning and proper 
organisation of various operations. With a 
view to avoiding idle time and improving 
performance for different operations, such a 
study would be useful. 


(c 


~— 


Development of simple, rugged, and more efficient 
type of equipment for manual operations. 


Representatives of India and Pakistan offered the 
necessary facilities for the establishment of the pilot 
projects. Provision of fair wages, adequate welfare 
measures such as housing, recreation and medical 
facilities for the workers and their families, suitable 
safety measures and incentives in some form, will 
result in better performance. Suitable measures should 
be taken for ensuring continuity of service, training 
and retraining facilities to improve the employability 
of the workers after the works are completed. These 
measures should create a sense of satisfaction and 
security among the workers, which is essential for 
increasing production. 


Manual labour may be employed in combination 
with animal transport and mechanical transport, such 
as bullock-carts, wheel-barrow trucks, narrow gauge 
trucks (hand pushed animal or loco driven, etc.) as far 
as possible. In order to increase production, wheel- 
barrows may be used and fitted with pneumatic tyres 
and antifriction bearings. Similarly, animal drawn 
carts may be fitted with pneumatic tyres and steps 
taken to improve their loading and unloading. 


In cases where use of machinery is resorted to, the 
following recommendations are made :— 


(a) Suitable steps, taking into consideration the 
conditions of each country in the Region, should 
taken for the training of the personnel for opera- 
tion, maintenance and in general construction 
practice. Refresher courses should be organised 
from time to time. 

(b) Status, both social and economic, of operational 
and maintenance personnel should bs improved to 
give them a better sense of responsibility so as to 
attract men of suitable educational attainment, 
and they should be encouraged to make sugges- 
tions for better employment of the plant for 
which they are responsible. 


It is desirable to have as few makes of equipment as 
possible on any construction job. Standardization of 
equipment is, therefore, important in order to achieve 
efficiency and economy in operation. In the ECAFE 
Region, it becomes more important because of the diffi- 
culty of obtaining space parts and the lack of adequ sto 
repair facilities. It is desirable to have similar typs 
and identical makes of engines and control units on all 
types of equipment on a project as far as possible. 
In this process of standardization healthy competition 
nevertheless must be maintained. Standardization 
also tends to facilitate the training of personnel. 


It is necessary to get maximum production from the 
equipment available in each country for which it 
should be put to continuous use as far as possble. This 
will require coordination of planning between projects 
in the country. 
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Maintenance and repairs need special emphasis. 
Efficiency in production cannot be achieved on a long- 
term basis without timely and adequate maintenance 
and repairs. Workshop facilities in the field and at the 
base, standardization and planning of supply of spare 
parts, intensive preventive maintenance of equipment 
with correct lubricants and greases, proper handling 
of fuels, oils and lubricants are important factors aid- 
ing the smooth running of equipment. Where a large 
fleet of equipment is scattered in the project area, 
mobile workshops for servicing the equipment in the 
field are essential. 


Accurate figures of life of equipment and utilisation 
in the region cannot be determined uptil more ade- 
quate statistics are available. Variations in climatic 
and operational conditions affect these figures to such 
an extent that statistices of machines should be 
collected for each country in the Region and _ for 
large countries by areas. Thus use of published life 
expectancy tables for equipment, should be made with 
caution at this stage. It is, therefore, essential that 
positive efforts should be made to collect tho 
statistics. 


Depreciation can be calculated using the straight 
line method, the reducing balance method, or a judi- 
cious combination of the two. The straight line method 
is being followed in many countries of the Region. 
The unit cost of operation is based on the depreciation 
of the equipment. Maintenance and repair cost of 
equipment also depends largely on the depreciation 
rates followed. The maintenance and repair costs are 
likely to be as much as 200 percent of depreciation in 
some cases, following the straight line method, where- 
as under the reducing balance method, actual cost 
of maintenance can be taken into consideration with- 
out fixing any percentage. Both the methods a e 
suitable for arriving at a uniform rate of unit cost 
during the entire life of the equipment. If the straight 
line method is followed, a proforma reserve fund for 
maintenance and repairs will be required. In cach case, 


S. K. Sen becomes Managing 





depreciation system should favour a maximum uitili- 
zation of the equipment for any period of time. 

The maintenance of cost accounting records is 
essential for a proper review of the performance and 
improvement of the same in later projects. Where such 
a procedure is not maintained, it is recommended 
that this should be established without any further 
delay. It is also recommended that a suitable charge 
be made for idle equipment of the project to ensure 
maximum utilization. 

It is considered that the cost analysis which has been 
undertaken by the Bureau of Economic Affairs, per- 
mits the isolation of the major factors determining 
cost. This has been the first step, and work in this 
field by the Bureau should be continued. 

It would be useful for research institutions in the 
Region to undertakes studies of the design on construc- 
tion equipment which permit greater utilization of 
existing labour surpluses. As a starting point, a sum- 
mary may be made of various methods improvised 
in the fizld, as reported by construction projects. 

Suitable steps may be taken to create a spirit on 
the job which makes every worker feel that he has 
contributed largely to the successful completion of the 
project in an efficient manner. Pride in each man’s 
work is necessary for its successful completion. 

Considering the overall picture, it would appear 
that mechanization can, controlled by technical, and 
target considerations, go hand in hand with manual 
labour operation in economically less developed coun- 
tries, mechanization being first applied to replace 
manual labour in most arduous operations. There is 
better scope for labour when use is made of mechani- 
cal means for transportation for larger leads. This 
combination leads to better utilization of existing 
resources and will help improve economic conditions 
in general. Even with the fullest degree of mechaniza- 
tion, there still is a large scope for the use of manual 
labour for finishing and detailed work. An exchange 
of information between countires on this matter would 
be welcome. 


Director 


Indian Oxygen Limited, a subsi- 
diary of The British Oxygen 
Company Limited, is having as 
its top executive an Indian national! 
for the first time through the 
appointment of Mr. A. K. Sen as 
Managing Director w. e. f. Ist 
June, 1959. Another important 
appointment from the same date 
is that of Mr. P. C. Kavanagh 
as Assistant Managing Director. 
Mr. Kavanagh was formerly the 
Manager of the Company’s Wes- 
tern District in Bombay. These 
appointments have just received 
the consent of the Government of 
India. 


Mr. Sen’s appointment, which 
takes place in the 25th year of 
Indian Oxygen’s existence, is a 
striking example of the Company’s 
progressive policy of promoting 
Indian nationals to the highest 
position of responsibility. 


The Company’s present business 
consists of the manufacture and 
sale of industrial and medical 
gases (including Oxygen, Acety- 
lene, Nitrous-Oxide and Dry Brea- 
thing Oxygen) and electrodes and 
in the manufacture, assembly and 
sale of welding and cutting appara- 
tus and equipment and other 
similar articles. 





Mr. S. K. Sen 






























Supplies following high voltage equipment: 
—oil circuit-breakers, small oil volume circuit-breakers 
for indoor installation hand and motor operated. 


Single-pole and  three-pole isolating switches 
—current and voltage transformers of various types, 
—lightning arresters for rated voltages up to 110 kV 


For further information please contact ;- 
The Polish Commercial Counsellor’s Office, 
42-44, Sundar Nagar, 
NEW DELHI. 
Tel : 43762. 
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1POLISH FOREIGN TRADE ORGANISATION FOR ELECTRICAL EQUIPMENT 
Warszawa, Czackiego 15/17, Poland _¥Telegrams: Elektrim Warszawa 
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Meeting the needs of all testing 
y stations. this set can be supplied 


, for currents up to 1,000 amps. 
testing sets and is equally suitable for use as 
either a three-phase set or three 

for separate single phase units. 
High output is combined with 


three-p hase small dimensions and easy access 
meters to the interior simplifies main- 


tenance. Detailed literature is 
available on request. 


rFERRANTI LTD. 


HOLLINWOOD, LANCASHIRE, ENGI.AND. 


Sole Agents in India 
BRITISH INSULATED CALLENDER’S CABLES LIMITED, 
Esplanade House, Waudby Road, Fort, Bombay-!. Post Box II! 








